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ENGINEERING 
LIBRARY 


APPROVED AND USED BY LEADING MANUFACTURERS 


“Heavy Duty” By-Pass DISCAPS 


00047 0015 .003 .01* 

00068 002 .004* j +20% 

.0008 2x.001 .005* .02* 

001 2x.0015 +80%—20% 
*Rated 600 V.D.C.W. Flash test 1200 V.D.C.—- 2x.002* 


SPECIFICATIONS 


TYPE B BY-PASS SERIES—GUARANTEED MINIMUM VALUE 


POWER FACTOR: 1.5% Max. @ 1 KC (initial) INSULATION: Durez phenolic—vacuum waxed 

POWER FACTOR: 2.5% Max. @ 1 KC (after humidity) INITIAL LEAKAGE RESISTANCE: Guaranteed higher than 7500 
WORKING VOLTAGE: 1000 V.D.C. megohms 

TEST VOLTAGE (FLASH): 2000 V.D.C. AFTER HUMIDITY LEAKAGE RESISTANCE: Guaranteed higher 
LEADS: No. 22 tinned copper (.026 dia.) than 1000 megohms 


SPECIFICATIONS 


eon LEADS: No. 22 tinned copper (.026 dia.) 
POWER FACTOR: .1 % Max. @ 1M C (initial) INSULATION: Durez phenolic—vacuum waxed 


POWER FACTOR: 2.5% Max. @1MC, — iurial RESISTANCE: Guaranteed higher than 


cies after humidity 7500 megohms 


AVAILABLE ae 2000, 3000, 4000, ,eTeER HUMIDITY LEAKAGE RESISTANCE: 


Guaranteed higher than 1000 megohms 
IN ANY CAPACITY TEST VOLTAGE: 4000, 6000, 8000, 10,000 AVAILABLE TOLERANCE: +5% +10% 


BETWEEN V.D.C. +20% 
15 MMF AND 240 MMF 


SEND FOR SAMPLES AND TECHNICAL DATA 
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RADIC MATERIALS CORPORATION 
GENERAL OFFICE: 3325 N. California Ave., Chicago 18, Ill. 
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FACTORIES AT CHICAG AND ATTICA, IND. — 
DISTRIBUTORS: Contact Jobber Sales Co., 146 Broadway, Paterson 1, N. J. 


UNIVERSITY OF KENTUCKY 


This volume could not be trimmed pro- 
perly to regulation size because of : 


Narrow outer margins. 

Unequal formats. 

Brittle edges 

Large maps unsuitable for refolding. 
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JULY, 1953 


FRONT COVER—*“‘MULTICON’’—A NEW STORAGE-TYPE CAMERA TUBE. Developed by engineers at Philips 
in Eindhoven, Holland, this new tube is the heart of the camera in Standard Electronics’ new general purpose 
TV camera chain equipment which was first introduced at the recent NARTB convention in Los Angeles, Calif. 
Operating on principles similar to those employed in the iconoscope-type pickup tube, this design stresses im- 
proved sensitivity, smaller size and lower cost. See page 57 this issue for additional details. . 
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Magnetic Amplifiers for Airborne Applications J. K. McKendry 
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Conductance Curves Speed Pentode R-C Amplifier Design ..... Keats A. Pullen 
Anechoic Chamber for Microwaves . . A. J. Simmons & W. H. Emerson 
Cues for Broadcasters 

Design of Cathode Followers 

Color Television—Its Status Today and a Look into the Future 

Multicon—A New Television Camera Tube 

A New High-Speed Cathode-Ray Tube 

Practical Analysis of Vertical Deflection Circuits 


Electronic Aircraft Simulator 


First Public Showing of ‘“‘Subscriber-Vision” 
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Publishers also of TELEVISION RETAILING 

* Reg. U. S. Pat. Off. TELE-TECH’S CIRCULATION, 21,000 

Because of the lag in auditing, never catching up with current circulation in an expanding industry, an audit for the calendar year 1953 will not be 

made until after the end of the year. Meanwhile, sworn statements and post office receipts will be furnished covering the guaranteed circulation 
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TOMORROW'S FILTERS TODAY &7' A STEP FORWARD 


IN COMMUNICATION NETWORK COMPONENTS IN COMMUNICATION NETWORK COMPONENTS 
SINGLE SIDE-BAND FILTERS SINGLE SIDE-BAND FILTERS 
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IN COMMUNICATION NETWORK COMPONENTS —- IN COMMUNICATION 
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Facts and Figures Round-Up 
July, 1953 
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TOTALS 
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Grand Total 


1400 aey se | 1400 
—~ 1300 ss a a ——— RADIO & TELEVISION RECEIVER ee 
LJ imeabe ON NAS SES KS em Dee oA > 
ee PRODUCTION oe 
" mas Gears a 
3 1000 onal hk Se 1950-1953 1000 & 
x 
4 Ey ano 5 Sar MRD eR 900 x 
800 -|—_ - - 800° w 
7) 
§ wu S mo § 
> 600 ne - 600 = 
& 500 I Sa | s00 © 
wy TELEVISION SETS a 
© 400 ———— os 400 
300 300 
200 1950 1951 1952 1953 200 
wo JF MA MJ J AS OND dF MAM.J, .§,O0,.N Did F MAM J VA, S,O.N DJ, FMA Mion 
eee 
Broadcast Stations in U.S. BREAKDOWN OF TUBE SIZES AND TYPES 
AM FM TV DISTRIBUTION OF TUBE TYPES SPECIFIED (NOT SOLD) IN TV RECEIVERS: Circuit analysis of 
Stations on 2368 590 146 VHF different makes and models. of new receivers published in Caldwell-Clements’ TV-Electronic 
Air 35 UHF Technician during past six months shows that average set contains 17.5 tubes, exclusive of 
Under Construc- 145 65 123 VHF rectifiers and picture tubes. The 15 most popular types noted above (percents add up to 
tion (CPs) 224 UHF 100%) account for 84.6% of the total. The five most specified picture tube types are 21FP4A, 
18 Educational 17HP4, 17LP4, 17YP4 and 20HP4A. 
ication 230 8 my VHF 
ta or ieee PICTURE TUBE SIZES 
~ : : 35% 22.5% 30 % 7% 29% 2% 6% 
Radio and TV Receiver Production 2 L a 
TV Radi n " " A & 
May, 1953 Home 275,000 7 10" 12 15" 16 bi 
uto ’ ” 
Cleck 142,000 1949-1950 
— $90,000 1,004,000 35%, 36% 10.7% 36% 7.1% 33%33% 
Five months 
(Jan.-May, 53) 3,495,400 6,376,640 16" 17" 20" 2\" 24" 2T"130" 
El . ° ’ al 
ectronic Industries 1952-1963 
Manufacturing Capacity TUBE TYPES MOST SPECIFIED 
Estimates of ible monthly output of 
q@itsting factory equipment if’; a ' 2 3 4 o£: Bn eee eee 
full a. compil L. RS E. poe ol : S Io ol 
Stone on ee 6AGS5 | 6AU6 | GALS |6SN7GT] 6’6| & 3 z } z ais S 3 
2 4 band 
Electron tubes 1949-1950 psc 9 TEEN fron aati 
(1200 different types) 30,000,000 ‘ 
Television sets 500,000 ! 2 3 “4 5 6 7 8 9 HURBKES 
- : 
Home radios 500,000 ° } . 5 © 2 
Portable radios 100,000 6CB6 6AU6 6AL5 m < 3 q 
Automobile radios 300,000 2;is Qik 
Germanium diodes, Several hundred 20.7 % 127%  Ih4% 88% 75% 59% 59 53 44 40 3029252525 
transistors thousand 1952-1953 
Television-Set Shipments to Retailers during 1952 
A total of 5,712,1 50 television receivers are estimated to have Lovisiana .......... 60,000 Oklahoma ......... 95,300 
been shipped to retail radio-TV dealers during the last calendar Maine .........--+- 10,100 Oregon ............ 30,300 
year, according to preliminary figures prepared by the Editors of Maryland .......... 105,000 Pennsylvania ....... 489,000 
Television Retailing & Mart, the Caldwell-Clements dealer magazine Massachusetts ...... 233,000 Rhode Island ....... 35,300 
which reaches 32,000 dealers each month. This 1952 total shows SEIGPP ws +s +o 0: a a Ce...» —_— 
an increase of about 18% above total TV-set shipments to dealers Minnessta .......-. 63,500 Sevth Deketa ...... 1,208 
in 1951. Mississippi ......... 19,800 Tennessee ......... 72,600 
pF ee er 253,000 
Montana ........... Ss ES pin Aun bad, intern 30,800 
Following are the 1952 figures by states: Nebraska .......... 49,000 Vermont ..........- 7,000 
Alabama ........... 70,700 Florida ............. 93,600 WOU cca avec etes 100 Virginia ........... 103,400 
NOM <a oie. cheeks 22,600 Georgia ........... 104,500 New Hampshire .... 21,000 Washington ........ 93,900 
Arkansas ........... Uo eee See New Jersey ....... 227,000 West Virginia ...... 62,700 
California .......... 544,000 Illinois ............ 322,000 New Mexico ....... 8,300 Wisconsin ......... 88,300 
Colorado ........... 82,500 Indiana ........... 212,600 New York ......... 668,000 Wyoming .......... 2,400 


5,712,150 


See also Caldwell-Clements Statistics in World Almanac, Encyclopaedia Britannica, National Conference Board Economic Almanac, and ‘‘Information Please’’ Almanac 
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Westinghouse Microwave Letter 


\7} WESTINGHOUSE ELECTRIC CORPORATION, ELECTRONICS DIVISION, 2519 WILKENS AVE, BALT. 3, MD. 


. - 
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50 Independent Channels Give Maximum 
Communications Capacity...Reliability 


Many critical communications and con- 
trol requirements are solved by micro- 
wave—the newest complete system of 
communications. When you compare 
the practical advantages of presently 
available microwave systems, consider 
these facts about the new Westinghouse 
2000 MC Microwave. 


This Westinghouse system is based on 
(1) an extensive field and laboratory 
study of user requirements, and (2) 
years of valuable manufacturing and 
application experience with all types 
of end-use equipment. Selection of the 
2000 MC band is one important result. 
This band provides more capacity than 
lower frequencies . . . gives less fading 
than higher frequencies. 


Another important result is capacity: 
Westinghouse 2000 MC Microwave 
supplies 30 voice channels—more than 
enough for most present needs and 
capable of accommodating future 
needs. An independent 31st channel 
supplies service communications. 


Each of these 30 voice channels can 
handle up to 15 telegraphic circuits. 
At full telegraphic capacity, 450 cir- 
cuits are available for teletype, tele- 
metering, VHF control, supervisory 
control, relaying, load control, and 
other functions. See illustration below 
for a typical arrangement. 


These functions of Westinghouse mi- 
crowave are based on a simple, flexible 
system of utmost reliability. Its two 
streamlined assemblies — Type FR 
Microwave Radio (illustrated) and 
Type FJ Multiplexing Equipment — 
have only four basic units each. Type 
FR Radio units can be assembled as 
either terminal or repeater stations. 
Type FJ Multiplex panels are entirely 
self-contained . . . each panel is pro- 
vided with an individual power supply 

. and for high multiplex channel 
stability each channel has: individual 
crystal control. 


Strict channel independence like this 
means multiplexing reliability. If one 
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you CAN BE SURE...1F ITS Westinghouse 
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One of the many combinations of services that can be operated simultaneously 
over one microwave radio beam in Westinghouse 2000 MC Microwave radio. 


7 ine Ra ; i is sai aa 
Westinghouse Type FR Microwave Radio 
assembly, Service channel and alarm panel 
are included for safe, efficient operation. 


channel develops a fault, all other 
channels continue to operate without 
interruption. That’s why Westinghouse 
multiplex equipment, using frequency 
division, is your greatest guarantee of 
service continuity. 


Westinghouse has called upon its years 
of practical experience in microwave 
communications to suggest other 
beneficial design features for the new 
2000 MC equipment. Call your 
Westinghouse representative or write: 
Westinghouse Electric Corporation, 
Electronics Division, Microwave Sec- 


tion, 2519 Wilkens Ave., Baltimore 3, 


Maryland. 
Ask for our Microwave Booklet. 


J-02274 
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Is the Heart of the Famous 
Collins Navigation System 


Midland Crystals are entrusted with 
the exacting job of frequency control 
in the Collins 51R-3. Thirty-four crys- 
tals provide complete 280-channel cov- 
erage. In such critical service, there 
can be no compromise with quality, 
precision, and undeviating perform- 
ance under every operating stress. 


Midland Crystals measure up to Col- 
lins’ strict standards because every 
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; 
“Mand MANUFACTURING COMPANY, INC. 


3155 Fiberglas Road © Kansas City, Kansas 


The Collins 51R-3 Navigation Receiver is typical of the 
outstanding developments of the Collins Radio Company 
for aviation, navigation, and communication. It is in 
wide use among airlines, private, and military planes. 
With accessories, it is the heart of the Collins navigation 
system to which is entrusted the efficient and safe opera- 
tion of every type aircraft. 


UW blaatecd enSIAS Play aVital Role 


one of the millions of Midland Crys- 
tals in use today is a product of Mid- 
land Quality Control. This is the sys- 
tem ‘by which every crystal is constant- 
ly checked and tested at every step in 
processing. Midland employs the high- 
est technical skill and finest produc- 
tion facilities known ‘to the industry. 
It is your assurance of completely de- 
pendable crystal performance. 
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CIRCULATION 21,000 
F . s Because of the natural lag in auditing, 
SOLDERED connections eliminate loss of cur- never catching up with current circula- 
tion in an expanding industry, an audit 
: for the calendar year 1953 will not be 
heat which result from loose, corroded, arcing made until after the end of the year, In 


NON-SOLDERED connections. pe acon aga geet te 


office receipts for the current 21,000 


rent, fire hazard, radio interference and excess 


For over 50 years experts have specified Amer- circulation. 
ican Beauty Electric Soldering Irons. They know pet yee Pasar yardage parton 


American. Beauty Irons are built to LAST tives Favs ag the are oo. 
LONGER, OPERATE DEPENDABLY and BE pt seat esos Mw serve: Mer ort 


tion of the latest developments and new 
products, with emphasis on subjects of 
1 engineering import and timeliness. Spe- 


Build belles Sth des” satay Tore anon 


P —Electronic equipment, communications, 
Solder better with fcamioaen x cones relay, instru- 
mentation, telemetering, computing. 
—Military equipment including radar, 
merican Call y: sonar, guided missiles, fire controls. 
—TV-FM-AM receivers, phonographs, 
2 OLDERING IRONS recorders, reproducers, amplifiers. 
yess Je OPERATION 
—Ffixed, mobile and airborne communi- 


cations in commercial, municipal, avi- 
ation and government services. 


SERVICED hs teeaise 


ae 


WRITE FOR FREE LITERATURE 


Dependable * Durable ¢ Efficient Ge eaetateete aaa coin 
SINCE 1894 motion picture production. 

—Military, civilian and scientific elec- 

AMERICAN ELECTRICAL HEATER COMPANY tronic computing and control systems. 


DETROIT 2, MICHIGAN ‘ade * Reg. U. S. Pat. Off. 
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A GRADE FOR EVERY NEED! 


Diameters — wall thicknesses and lengths 
to meet regular or special adaptations. 


IN RADIO AND TELEVISION their use 
is almost universal. They have high in- 
sulation resistance and low moisture ab- 
sorption. Their low dielectric loss is 
suitable for ultra high frequency appli- 
cations, 


CLEVELITE is produced in seven grades. 


GRADE APPLICATION 
E Improved postcure fabrication 
and stapling. 


Special grade for TV yoke 
sleeves. 


Improved general purpose. 


Superior electrical and mois- 
ture absorption properties. 


Critical electrical and high volt- 
age application. 


Special grade for government 
phenolic specifications. 


Special for very thin wall tubing 
having less than .010 wall. 


Why Pay More? 
For the best... 
‘Call CLEVELAND! 


CLEVELITE’ 


LAMINATED PHENOLIC TUBING 


is more than ever before — the first choice in the electronic and 
electrical industries. 


It combines proven performance with low cost and excellent 
service! 

Wherever high dielectric strength, low moisture absorption, me- 
chanical strength, low loss and good machineability are of prime 
importance . . . the combined electrical and physical properties of 


CLEVELITE 
are essential. 


IMMEDIATELY AVAILABLE! 


Tell us your needs. . 
*Reg. U. S. Pat. Off. 


eCLEVELAND CONTAINERG| 


201 BARBERTON AVE. CLEVELAND 2, OHIO 


@ All-Fibre Cans © Combination Metal and Paper Cans 
@ Spirally Wound Tubes and Cores for all Purposes 
* 


* * 
PLANTS AND SALES OFFICES: Cleveland, Detroit, Chicago, Plymouth, Wise. 
Jamesburg, N. J., Ogdensburg, N. Y. © ABRASIVE DIVISION at Ci 
SALES OFFICES: Grand Central Terminal Bidg., New York City; We 
Gas Light Bidg., Washington, D. C.; West Hartford, Conn.; Roches 
Cleveland Container Canada, Ltd., Prescott, Ontario * Offices in Toronto and 
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- Only One Source 


gives you 


Double Duty TW! 


x 
When you invest in GPL TV studio equipment, you're 
buying field equipment as well. Every GPL unit provides 
unparalleled flexibility, light weight, easy handling, precise 
control. Let GPL engineer your station, from camera to anten- 
na. Have The Industry’s Leading Line—in quality, in design. 


Camera Chain Model PA 600 


Camera 
Control Unit 


Touch-identified controls. 
8%" monitor tube. Split or 
single headphone intercom 
system. CRO views horizon- 
tal, vertical, and vertical sync 
block. Iris control. 


Camera 
Unit 
Précision-built, lightweight, 
fast-handling. Push-button 
turret, remote iris control, 
remote focus and range se- 

lection. Easiest to service. 


Camera Power Unit 


Rugged, dependable, com- 
pact. Matched to other units 
in GPL chain. Standard re- 
lay panels swing out for 
maintenance. 


Model 
PA 605 


Video Switcher 


Full “studio flexibility any- 
where. Control can view, 
preview, fade, dissolve, etc. 
Views any of 5 inputs, 2 re- 
motes, outgoing line. Twin 
fade levers. 


"3-2" Projector 
Portable syne unit. No need 
for special phasing facilities. 
Projects rear-screen or “di- 
rect in.’ Ideal for remote 
origination of film. Relieves 
load on Telecine. 


Model 
PA 100 A 


Professional TV Projector 
Highest quality 16-mm pro- 
jector, designed specifically 
for TV. Delivers 100 foot- 
candles to tube. Sharp, 
steady pictures from 4000- 
foot film magazine. 


Synchronizing Generator 
Affords maximum circuit re- 
liability without operator 
adjustment. Binary counters 
and delay lines, stable mas- 
ter oscillator. Built-in power 
supply. 

Bon 


Complete TV Station Installations from Camera to Antenna 


Model PA 607 


Remote Control Box 


Provides revolutionary 
remote control of camera 
focus, lens change. Styled to 
match other components in 
the GPL TV line. 


General Precision 


Laboratory 


rN CORPORA TED 


PLEASANTVILLE 


TV Camera Chains * TV Film Chains * TV Field and Studio Equipment * Theatre TV Equipment 


NEW YORK 
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The Sylvania 2N32 is a point-contact 
transistor, designed especially for 
switching operations. The Sylvania 
2N34 is a junction type transistor for 
low-frequency, low-power amplifier 
applications. For further data and 
characteristics, mail the coupon NOW! 


1 
«& 
| 


Sylvania Electric Products Inc. 
Dept. 3E-3007, 1740 Broadway 
New York 19, N. Y. 


Please send me full information concerning Sylvania 
Transistors. 


Available in 


WILKOR 


Guaranteed tolerance of = 1%. 
Excellent stability re. temperature 
and voltage coefficients, overload, 
ageing, noise, etc. Carbofilm 
(deposited-carbon) resistors, made 
under Western Electric patents, 
provide the dependability of wire- 
wounds with compactness of 
carbons. In two types: 


Coated (special resin film) units for 
economy as well as accuracy 
and stability. 


Hermetically-sealed (metal-case 
glass-to-metal sealed) units. 
Extraordinarily protected— 
—mechanically, electrically, 


\. climatically. 


“> 
to your precision resistance 


standard numbers 


and in special units made to order. 


t us quote. Literature on request. 


Both types come in 2, 1 and 2 
watt sizes. 
—— os 
EUNETION / 
Flr re 


AEROVOX -oRPORATION 


CLEVELAND; OHIO 


TELE-TIPS 
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GI RECOLLECTIONS should 
be stirred by the name of GE’s new 
Ordinal Memory Inspecting Binary 
Automatic Computer—OMIBAC. A 
hearty welcome to another member 
of the computer fraternity which 
boasts such “be-bop” names as 
MANIAC, WAC, SWAC, ACE, ERA, 
RAYDAC, XRAC, OARAC, 
EDVAC, REAC, ENIAC, UNIVAC 
and ELECOM. Oh, my back! 


“ATOMIC ENERGY & SEX 
have much in common. Both are 
relevant to survival, yet neither 
Should go unharnessed. By some 
strange social agreement, both are 
eschewed in polite conversation. 
Youngsters seem to know more 
about both than do their elders. And 
atomic energy, like sex, is sur- 
rounded by curious taboos. Both are 
featured, and about equally now, 
in the ‘comics,—although atomic 
energy does less well in the paper- 
backs, since it lends itself less nat- 
urally to front-cover use”—Robert 
R. Wilson, director, Laboratory of 
Nuclear Studies, Cornell. 


JET vs TV—At Belmar, N. J., a 
jet plane zooming over rooftops 
sucked a television antenna off the 
roof of the home of Raymond 
Crowther, he reported to the police. 
Mr. Crowther said that the nose in- 
take of the plane, flying 150 feet 
above his home at 1620 M Street, 
pulled a twenty-eight-foot aerial 
and directional tuning motor right 
off the roof as it sped by. The an- 
tenna, which landed on an open 
back porch, “was torn up, guide 
wires and all,” he reported. 


DEEP AMPLIFIER TESTS— 
The cold high-pressure depths 
nearly two miles down in the North 
Atlantic, where no diver would 
dare to penetrate, are reproduced 
artificially by Western Union Tele- 
graph Company engineers in a 


downtown New York skyscraper. 


An approximation of the ocean 
depths, chilled by 3,300 pounds of 
ice, is produced periodically inside 
a five-ton tank at Western Union’s 
headquarters at 60 Hudson Street. 
The novel five-foot-high pressure 
chamber plays an important role 
in testing amplifiers being installed 
on the company’s cables on the 
ocean bottom. 
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: RADIO CLUB’S 48rd anniver- 
sary gathering was told that within 
the next ten years atomic reactors 
will be able to compete with coal- 
burning electric plants. Dr. Lloyd V. 
Berkner, President of Associated 
Universities, Inc., which operates 
the Brookhaven reactor, said that a 
pound of uranium when burned 
completely in a reactor, produces the 
heat equivalent of a million pounds 
of coal, so that 200 tons of uranium 
would supply the entire fuel re- 
quirements of the United States for 
a year. When it is realized how rap- 
idly our fuel reserves of coal and 
oil are being depleted, the prospect 
of atomic power becomes of utmost 
importance. This important discus- 
sion of energy requirements and 
sources is now available in printed 
form as Vol. 30, No. 1, of the Pro- 
ceedings of The Radio Club of 
America, Inc., 11 West 42nd St., 
New York City, at 50 cents per 
copy. 


THE LONG VIEW—“Every age 
has believed itself at the last peak of 
human achievement and every age 
has been wrong. Throughout the 
history of invention and discovery 
wise men have declared that we 
were only straining our imagina- 
- tions.” 

“We are all upset now. Everybody 
is pretty well willing to sell out and 
discount the world. I am not, because 
if you will just read a little bit of 
history, you will find out the troubles 
we are in today are just ordinary 
picnics compared to what we have 
had, so I am not willing to sell out.” 

—Charles F. Kettering 


Major Armstrong on 
“The Spirit of Discovery” 


Dr. Edwin H. (“Major”) Armstrong, 
professor of electrical engineering at 
Columbia University, and discoverer of 
fundamental radio principles, was 
scheduled to be the guest speaker at the 
summer general meeting of the Ameri- 
can Institute of Electrical Engineers at 
Atlantic City, June 15, responding to 
the topic “The Spirit of Discovery,” 
and stressing the importance of the 
inventor and scientific explorer in the 
modern world. 

During the session, Professor Arm- 
strong was presented with a_ cer- 
tificate of honorary membership in the 
Institute, voted him by the Board of 
Directors on April 23. Dr. Armstrong 
was awarded the 1942 Edison Medal by 
the AIEE and in 1951 he won the 
Washington Award, given by the Wash- 
ington Award Commission composed 

(Continued on page 24) 
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FOR INSTALLATION AND MAINTENANCE OF 
LINK ELECTRONIC JET TRAINING EQUIPMENT 


Here is an unparalleled opportunity for men with a College or Technical 
Institute Training and a sound background in electronic engineering. 
The training and experience provided will open up increasing 
opportunities for earnings and advancement in the fast 
approaching age of jet air transportation. 


You will work in close contact with key personnel of the U.S. Air Force 
and Naval Aviation. Your responsibilities will include supervising the 
installation and long range maintenance of highly specialized Link 
Electronic Jet Training Equipment. After three months’ special training 
at the Binghamton, N. Y. plant of Link Aviation, you will be assigned to 
a U.S. Air Force or Navy jet training base in the U.S., Europe or the Far East! 


In addition to excellent base pay and unusual company benefits, 
you will be placed on a liberal expense account and receive 
a 20% bonus if you receive an overseas assignment. 


Immediate Openings 
are available. 
ACT NOW— 

for 4 career 
with q future! 


For Interview write to 


PERSONNEL MANAGER 


tho connsdting Cink batweon.gnound ond sky | INK 


Manufacturers of the famous World War II LINK TRAINER, 
now producing Electronic Jet Training Equipment AVIATI o N, 
in quantity for the U.S. Armed Services 
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MOTHER: CBS s+ HYTRON F182 $7 


CAN A TUB 
BE A CHOKE 


6216 
YTRO 


MADE > A 


ee er ee 


Yes, the CBS-Hytron 6216 . . . a 9-pin miniature, beam 
pentode . . . does the trick. The 6216 filter-reactor tube 
replaces a bulky, heavy, 12-henry choke rated at 100 ma., 
350 ohms. 


Light ... compact . . . vibration-resistant . . . “ruggedized” 
(for impacts up to 625G), the 6216 is a natural for military 
airborne and vehicular equipment. Electrical design offers 
low d-c resistance (tube drop) and high a-c impedance 
(plate resistance). The two prime requisites of a good 
filter reactor. 


Check the 6216’s many features. Note the simple filter- 
reactor circuit. Compare performance of 6216 with that of 
an iron-core choke. Note also the many other possible ap- 
plications for this versatile CBS-Hytron original. Write for 
complete data. Or order the CBS-Hytron 6216 today. 


CBS-HYTRON 6216 FEATURES 


1. “Ruggedized,” vibration-resistant construction 
2. Inhibited interface formation (“sleeping sickness”) 


3. Over-all characteristics optimized for maximum efficiency 


4. Very high perveance 3 
5. Extreme power sensitivity 


6. Conservative ratings for reliable performance 


COMPARISON OF 3 | | eek ig se TYPICAL FILTER-REACTOR CIRCUIT 
FILTERING ACTION :,/5... vat Bn Fane eS USING 6216 
es 205 
6216 vs. Choke — < |* ——————— ; 
© 2 = 
12 Henries, 1 50 Ma. 5 3|E300 we ba vas | (6216) _ 8 
oc lw A-C RIPPLE (CHOKE) J = 
Operating conditions for = < x t } 3 
6216: Grid bias, see curve; 2? <a ‘ wy Aes ous LI 3 
screen voltage, derived from , & i> 2 ore ~ 
400v through 60,000 ohms; = 8 ,,/3 oo Le + sf 
filament voltage, 6.3v; un- 2 |e —l-“] | crio gias tit S$ 
filtered voltage applied to = * EE 
filter, 400v. nay “0 10 20 30 40 50 60 70 80 90 100 


LOAD CURRENT: MA.0-C 


OTHER APPLICATIONS FOR CBS-HYTRON 6216 


Special features of CBS-Hytron 6216 offer many advantages as: (1) Wide-band video 
amplifier. (2) Husky, vhf class C amplifier or frequency multiplier. (3) Class A or B 
amplifier. (4) Pass tube in electronic voltage-regulated power supply. (5) Passive switch- 
ing tube, with low cut-off voltage requirement. 


FREE DATA. Write for complete 6216 
data and curves today. 


How the circuit works: High a-c impedance of 6216 .. . operated 
above knee of Ib vs Eb curve . . is in series with load. Limits 

current. Small voltage across lower portion of R is applied to grid 
through 0.05 mfd condenser. 6216 amplifies this voltage . . . which 
develops ripple voltage across load impedance in phase opposition to 
ripple ace af ge Inverse feedback suppresses ripple still further. 
With two 6216's in parallel, d-c resistance is halved; load current for 
given IR drop and power sensitivity is doubled. 


a YTRO CBS-HYTRON Main Office: Danvers, Massachusetts 
neiiee tebe tee 1801 A Division of Columbia Broadcasting System, Inc. 
RECEIVING . . . TRANSMITTING . : . SPECIAL-PURPOSE AND TV PICTURE TUBES «- GERMANIUM DIODES AND TRANSISTORS 
3 
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@ FRONT PANEL CONTROL 
ADJUSTS CARRIER POWER. 


@ AVAILABLE IN A WIDE Wi 
VARIETY OF COMBINATIONS. jae 


@ FULLY JAN APPROVED. 


This outstanding homing beacon transmitter 
sets new standards for this type of service. Carrier 
power is adjustable from 25 to 400 watts by a front 
panel controlled auto—transformer. Pressurized 
forced air cooling is provided. 

The GATES MOQ-3975 is available with or without 
remote control. Transmitter can be supplied for 
51% ohm output or a special antenna coupler is 
available to couple directly to an L or T type antenna. 
High level voice modulation is employed, incorporat- 
ing a peak-limiter to prevent over-modulation. A 
type 36 automatic code keyer operates from a phase- 
shift type oscillator at 1020 cycles. Versatile, depend- 
able, the GATES MO-3975 represents the most ad- 
vanced LF homing-beacon transmitter yet developed. 


e@ Designed to withstand Class “gn shock tests © coy i: foe KC. a 

= and operate in ambient temperatures between : 0.0097. Audio response: + . 

—_ ° ° 400-3000 CPS. Noise: 40 Db. below 100% 

other C — —_ C. and + 65°C. modulation at 400 watts. Power consumption: 
features - @ Heavy steel frame to which each drawer 2200 watts at 115 V. 60 cycle single phase at 


400 watt carrier 100% modulated. 
section Is secured by captive thumb screws. Fully JAN approved, Built for dependable 
Heavy roller bearing compound extension service under any climatic variations including 


type slides provide easy access for maintenance. those encountered in ship-board service. 


|G ATES net COMPANY, QUINCY, ILLINOIS, U.S.A. 
MANUFACTURING ENGINEERS SINCE 192 


ton, Texas = Warner Building, Washington, D. ¢ cs International Divis 
Canadian Marconi Company ontreal, Quebec 


on, 13 E. 40th St 
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R APPLICATIONS IN RADAR, 


Wuen you use Burroughs “Uni- 
tized” Pulse Control Equipment, 
you eliminate much of the costly, 
time-consuming work of déveloping 
electronic test circuits. There is a 
Burroughs pulse control unit for 
practically every basic function in 
pulse circuit engineering. You need 
only plan a block diagram of the pulse 
circuits you want, assemble the neces- 
sary Burroughs units in the plug-in 
rack and interconnect them with the 
various standard coaxial cables and 
accessories. This can be done because 
each unit performs one basic operation 
such as generating, counting, mixing, 
gating, or delay. 


TELEMETERING, 


"Unitized’’ Pulse Control Equipment 
saves engineering time and money 


DIGITAL COMPUTING, 


TELEVISION, NUCLEAR PHYSICS 


JUST “PLUG IN” A BURROUGHS PULSE GENERATOR 


Any of the three pulse generators offered 
by Burroughs demonstrates the practical 
one-basic-function principle behind Bur- 
roughs ‘“‘Unitized’”’ Pulse Control Equip- 
ment... you simply select the pulse gen- 
erator for the job and plug in the cables. 


Burroughs Pulse Generator, Type 1002B, 
generates 0.1 microsecond pulses at fre- 
quencies continuously variable from 0.2 
megacycles to 4.5 megacycles in four 
overlapping bands. A calibrated, L-C 
controlled, sine-wave oscillator controls 


the frequency. Output amplitude, which 
is only affected by frequency changes in 
the ranges above 2 megacycles, can be 
varied from 10 to 32 volts and the polar- 
ity of the output pulse is reversible. 


Like other Burroughs units, this pulse 
generator is designed and engineered so 
that it can be added to equipment now 
in use, selected as a basic component of 
new equipment, or used repeatedly for 
testing or as a component in future 
pulse control jobs. 


For full information on Burroughs ““Unitized” Pulse Control Equipment, call or write Department 13, 
Electronic Instruments Division, Burroughs Research Center, 511 N Broad St., Philadelphia 23, Pa. 


PULSE GENERATORS 


COINCIDENCE DETECTORS 
PULSE DELAY CIRCUITS 
FLIP-FLOP CIRCUITS 

PULSE GATERS 

CHANNEL SELECTORS 
MIXERS 
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ELECTRONIC INSTRUMENTS DIVISION 


i for UHF-TV 
EIMAC 15kw 


6 a. 3K50,000LK klystron 
ee he : weighs only 37 pounds. 


@ TOP POWER 
@ FASY TUNING 
@ LIGHT WEIGHT 


@ THREE TUBES COVER 
ALL UHF-TV CHANNELS 


—. | 


EIMAC TYPE 3K50,000L KLYSTRONS give 
UHF-TV a transmitting tube with high 
power and light weight, high perform- 
ance and economy along with the ad- 
vantages that go with mass production, 
external tuning and ceramic cavities. 
In typical UHF-TV operation the new 
klystrons have a linear peak sync output 
of 12 kw. 


: 3K50,000LA — channels 14-32 
4 3K50,000LF — channels 33-55 
Bt 3K50,000LK — channels 56-83 
¥ 


A eee 


Rs 


16 ‘ TELE-TECH & ELECTRONIC INDUSTRIES * July 1953 


YOU'LL FIND THE 
RIGHT FUSE, FASTER 
in the Complete Line 


of Electronically 
Tested 


“ ®uss 


“f A COMPLETE LINE OF FUSE CLIPS, 
BLOCKS AND HOLDERS 


IF YOU WOULD LIKE ASSISTANCE 


BUSSMANN Mfg. Co. (Division of McGraw Electric Co.) 


on your protection problems, BUSS fuse University at Jefferson, St. Louis 7, Mo. 
engineers are always at your service. Bb res ser me ies SEB conesining face on 
They will be glad to help you select q 
the fuse that will do the job best... veces 
if possible, a fuse that is available from Brine 
local wholesalers’ stocks. Bf company 
Address 
BUSSMANN Mfg. CO., Division of McGraw Electric Co. q City & Zone State 1-753 
University at Jefferson, St. Louis 7, Missouri i 
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than any other 4x 5 
commercial slide 
projector 


The famous GRAY TELOP I 


Makes profits grow — projects low-cost, easily pro- 
duced commercials. Four optical openings for projection 
of opaque and transparent photos, rolling titles, slides, 
small objects, etc., with superimposition, lap dissolve, or 
fade-out effects. America’s best-known, most-used television 


optical projector! 


GRAY TELOP II 


Another TV profit maker—with two channels accommodat- 
ing slide holders, light boxes and accessories for 
special effects. Gives professional results—and one 


operator does it all! 


GRAY 3A TELOJECTOR 


New, compact unit for automatic remote control 
projection of standard 2 x 2 slides . . . in uninter- 
rupted sequence . . . with fading, lapping and super- 
imposition. Solves many problems for 
both large and small stations. 
Get all the facts, now! 


WRITE TODAY FOR BULLETIN RC-7 


RESEARCH 


and Development Co., Inc., Hilliard Street, Manchester, Conn 


1 AUDOGRAPH 2° 
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Yes, you can make one false note and be 

all washed up . . . with the name you've spent 
years building, quickly consigned to 
oblivion. We at Kester know the importance 
of consistency . .. make sure that the * 
solder alloy and especially the flux formula 
never varies, never changes. Kester never 


experiments at the expense of the solder user! 


For best results in efficient, economical soldering, 
remember this Solder Trio: “44” Resin, “Resin-Five’ and 
Plastic Rosin—all made by KESTER... Key Name 

in Flux-Core Solder for More Than 50 Years. 


| 


KESTER 


SOLDER COMPANY 


4210 WRIGHTWOOD AVENUE, CHICAGO 39, ILLINOIS 
NEWARK 5, NEW JERSEY » BRANTFORD, CANADA 
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Tantalum 


Capacitors 
| For Extreme 
. Temperatures 


—55°C to +175°C 


¥ New Standard 7/8 Inch Case Size 
| Saves up to 20% in Weight... 16% in Volume 


q When the Tantalum Capacitor was introduced by hardware; it will also produce substantial redue- 
Mallory, it provided the first answer to dependable tions in the weight and size of high capacity units. 
operation in the extremely high ambients such as 


aE aS ; 5 Be sure and look into the advantages of Mallory 
result from miniaturization ofelectronicequipment. _~ 


Now, Mallory has reduced the higher capacity engineers will be glad to talk over any problem you 


114%” Tantalum Capacitors to 7%%’’, thereby estab- may have in the application of capacitors, the 
- lishing a single standard case diameter. This refine- development of special types, or the simplification 
i ment not only simplifies installation and mounting _ of related circuits. 

1 FOR MORE INFORMATION... 


Write for your copy of the new Technical Bulletin on 
e Mallory Tantalum Capacitors. It contains complete mechan- 
4 ical and electrical data and performance characteristics. 


4 Expect more...Get more from MALLORY 


Parts distributors in all major cities stock Mallory standard components for your convenience 


P.R.MALLORY &CO. Inc 


4 Tantalum Capacitors for your equipment. Our. 


\ : a 


MALLORY ee co INDIANA 


TAs TELE-TECH & ELECTRONIC INDUSTRIES * July 1953 


ee 


Hiperthin ‘Cores... 
newest approach to electronic circuit designs 


New circuit designs, often making it possible 
to replace tubes in amplifiers, computers, 
modulators and similar electronic equipment, 
are being developed through the use of 
Westinghouse Hiperthin Cores. 

An entirely new, thin magnetic material, 

capable of retaining its desirable qualities even 
when rolled as thin as 44 mil, is the reason. 
‘ Compounded of grain-oriented silicon or 
nickel-iron alloys, it combines the fast response, 
high permeability and low coercive force 
needed in vhf circuits. Non-deteriorating, it 
eliminates the periodic replacement problem 
encountered with tubes, assuring sustained and 
accurate performance. 


To manufacture the new core economically, 
*Trade Mark 


Westinghouse engineers devised new produc- 
tion methods. The illustration above shows a 
core being subjected to an electronically 
controlled spot weld, after being wound. New 
techniques have also been developed for effec- 
tively insulating the turns, and for annealing 
the metal on a ceramic form as a unit to insure 
permanent stability. 

All your core requirements . .. whether they’re 
for electrical or special electronic applications 
...can be met best by engineers who know and 
understand your problems. For further infor- 
mation write for reprint No. 4866, Progress 
in Core Material for Small Transformers. 
Westinghouse Electric Corporation, P. O. Box 
868, Pittsburgh 30, Pennsylvania. J-70676 


you can BE SURE...iF iTS 


Westinghouse © 
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Birthplace 
of the 


Transistor 


The Transistor, that revolutionary new electronics device, 
is a product of telephone research. It was conceived, in- 
vented and developed at Bell Telephone Laboratories by 
men in search of ways to improve telephone service. It 
was announced just five years ago. 


The Transistor can do most of the things that vacuum 
tubes can do—and others, too—but it is not a vacuum 
tube. It works on entirely new physical principles. Rugged, 
simple and tiny, the Transistor uses incredibly small 
amounts of power—and then only when actually operating. 


Transistors promise smaller and cheaper electronic 
equipment and the spread of electronics where other equip- 
ment has not been able to do the job as economically. They 
are already at work in the Bell System, generating the sig- 
nals that carry dialed numbers between cities, and selecting 
the best route for calls through complex switching systems. 
Engineers see many other possibilities: for example, as 
voice amplifiers in telephone sets to aid the hard of hearing, 
and as switches. 


Bell Telephone Laboratories at Murray Hill, N. J. Other labora- 
tories are in New York City and at Whippany and Holmdel, N. J. 


Recognizing the tremendous possibilities of the 
Transistor in every phase of the electronics industry, the 
Bell System has made the invention available to 40 other 
companies. Thus, again, basic research to improve telephony 
contributes importantly to many other fields of technology 
as well. 

TRANSISTOR SUMMARY 
Basically, a Transistor is a tiny wafer of germanium with three 
electrodes, over-all about the size of a coffee bean. 


It can amplify signals 100,000 times on much less power than 
a pocket flashlight requires. This opens the door to its use in 
smaller telephone exchanges where vacuum tube equipment would 
be too costly to operate. 

Unlike a vacuum tube, the Transistor.has no vacuum and no 
filament to keep hot. It operates instantly, without “warm-up” 
delay. The Transistor can also be used as an electric eye and to 
count electtical pulses. 


BELL TELEPHONE 
LABORATORIES 


Improving telephone service for America 
provides careers for creative men in scientific and technical fields. 
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TORS are only 


TORS 


ALL fixed mica El-Menco Capacitors are 
factory-tested at double their working voltage. 
Yet, you pay no premium for their superior per- 
formance. Meeting all significant specifications of 
JAN-C-5, they are being used in more and more 
military and civilian electronic applications. 


Jobbers and distributors are requested to write for 
information to Arco Electronics, Iric., 103 Lafayette 
St., New York, N. Y. — Sole Agent for Jobbers 
and Distributors in U. S$. and Canada. 


THE ELECTRO MOTIVE MFG. CO., INC. 
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Type CM-15, our tiny silvered mica capaci- 
tors, includes capacities from 2 to 420 mmf. at 
500vDCw — 2 to 500 mmf. at 300 vDCw. Our 
other types — silvered and regular — offer ranges 
up to 10,000 mmf. Why not test them? The 
Electro Motive Manufacturing Co., Inc., Willi- 


mantic, Conn. 


WRITE FOR FREE SAMPLES AND 
CATALOG ON YOUR FIRM'S 


LETTERHEAD 


.....£-Menco.. 


CAPACITORS 


Foreign and Electronic Manufacturers Get Information Direct from our Export Dept. at Willimantic, Conn. 


WILLIMANTIC, CONNECTICUT 
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at right, this unit provides matching equal- 
ization curves for various types of lateral 
and vertical records and transcriptions, in 
accordance with NAB standards. 


Oud TURRET HEAD HOLDS THe 


MOVING COIL CARTRIDGES... 


The simplicity of this 3-in-1 Turret Head 
obsoletes multiple arms, equalizers and 


throwover switch. Use only one Fairchild 
Turret Head Arm, it mounts up to three 
Fairchild Miniature Moving Coil Car- 
tridges at one time—ready for instant selec- 
tion at the turn of a knob, which also sets 
correct stylus pressure. All critical adjust- 
ments, usually inherent in viscous damped 
arms, have been eliminated in the current 
Fairchild 201-B. A completely redesigned 
base assembly with a new method of pivot- 
ing now incorporates automatic tempera- 


IRCAILD 


ture control. 


FOR QUICK STARTS WITHOUT 


NEW 3-SPEED TURNTABLE PROVIDES 
GUARANTEED TIMING FOR “DUBBING” 
AND ON-THE-AIR BROADCASTING 


Accuralé Equalgalion. WITH THE | 
FAIRCHILD.205.°As d€monstrated by chart 


Reaching stable speed—less than 
1/4 revolution at 33Y3—in 
minimum time, this newly 
designed turntable provides 
quick start from motor switch 
without overshooting. Successor 
to the 2-speed model 524, the 
Fairchild 530 is equipped with 
integral 3-speed drive, all three 
speeds synchronous. Ideal for 
“dubbing” operations, on-the-air 
broadcasting and laboratory 
applications, the 530 provides 
guaranteed accurate timing at 

all speeds, is virtually free of 
rumble and vibration.. More than 
300 already in use! 


tures, including 1 Pic S 
rive, Automatic Fra ee ene 


RECORDING: 
EQUIPMENT: 


154th St. & 6th Ave., Whitestone, N.Y. 


Major E. H. Armstrong 


(Continued from page 11) 


of members of the Western Society of 
Engineers and the four founding en- 
gineering Societies. 

Often accredited as “The greatest 
American inventor since Edison” and 
the “most important of all radio inven: 
tors, including Marconi,” “Major” Arm- 
strong made four basic discoveries that 
have revolutionized radio, both AM 
and FM. These are: The regenerative 
circuit, which took radio out of the 
crystal-detector headset stage; the 
superhetrodyne circuit, the basic cir- 
cuit of today’s standard radio; the su- 
perregenerative circuit, used in mili- 
tary, forestry and other ultra high 
frequency communications, and fre- 
quency modulation, or static-free high- 
fidelity radio. 


As a Boy Inventor 


Professor Armstrong’s interest in ra- 
dio dates back to 1904 when his father, 
John Armstrong, brought him two 
books from England, “The. Boy’s Book 
of Invention” and “Stories of Inven- 
tors.” The Armstrongs then lived in 
Yonkers, N. Y., and soon the attic of 
their house was filled with homemade 
radio devices and he was picking up 
signals from wireless sets in New York, 
and once in 1908 he picked up signals 
from the Navy Station at Key West. 

When he entered Columbia in 1909, 
his interest in radio was heightened. 
In 1912 while studying Lee De Forest's: 
audion tube, he discovered the regen- 
erative circuit, but his father refused 
to loan him $150 to patent it and he had 
his paper notarized Jan. 13, 1913 and 
filed them away. 


Forty Years at Columbia 


Upon graduation in 1913, he took a 
$50 a month job as an assistant pro- 
fessor in electrical engineering at Co- 
lumbia in order to use the university 
laboratory facilities. He was associated 
with the research physicist, Michael I. 
Pupin at the Marcellus Hartley Re- 
search Laboratory at Columbia from 
1914 until Pupin’s death in 1935. 

Professor Armstrong has been profes- 
sor of electrical engineering at Colum- 
bia since 1934. 

During the first world war he served 
as a captain and major in the U. S. 
Army Signal Corps and was made a 
Chevalier, Legion d’honneur in 1919. 

Begides the Edison Medal and the 
Washington Award, Professor Arm- 
strong has won may other honors. They 
include the 1917 Institute of Radio En- 
gineers Medal of Honor; the 1939 
Egleston Medal, Columbia University; 
the Modern Pioneer Plaque of the Na- 
tional Association of Manufacturers in 
1940; the Holley Medal, American So- 
ciety of Mechanical Engineers, 1940; 
the Franklin Medal, Franklin Institute, 
1941; the John Scott Medal, Board of 
City Trusts, City of Philadelphia, 1941; 
the Armstrong Medal, established in 
1943 by the Institute of Radio Enginéers. 
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If your product requires any of 
these properties, you can make it 


better with CRL Engineered Ceramics! 


eh a Centralab Ceramic material to match your 
individual requirements — electrically . . . physically 
.. . Structurally. These materials are unique. We can ex- 
trude, mold or press them. What’s more, Centralab Ce- 
ramics can be worked the same as metal — drilled, turned, 
ground or tapped. In addition, they can be metalized. 
Every Centralab Ceramic has some of the properties 


Here are examples of 
special Centralab Ceramics 
produced for structural, 
electrical and electronic use. 


Note the Standoffs illustrated, upper center. 
Made to government specifications, they are 


shown above, and they meet all JAN-I-8 and JAN-I-10 
specifications, without exception, 

Centralab is the leader in Ceramic development — mak- 
ing fine ceramics since 1928. We have a complete staff of 
engineers, physicists and chemists ready to help you de- 
velop ‘better product design through the use of Engi- 
neered Ceramics. Write for full technical details. 


® 
A Division of Globe-Union Inc., Milwaukee 1, Wis. 
in Canada, 635 Queen Street, East, Toronto 8, Ont. 


also available commercially at a price lower 


than most standard units. 


Many different 
ferrous and non- 
ferrous metals 
can be applied to 
ceramic bodies, 
combining the 
desirable proper- 
ties of the metal 
plus the dielec- 
tric strength and 
other unique 
properties of 
ceramics. 
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Specialty items include forms for coils and 
various electronic components, such as var- 
iometer rotor and stator bars, heater coils, 
etc. Commercial units are available in Grade 
L-5 and L-6 Steatite if required. 


1 

; CENTRALAB, A Division of Globe-Union Inc. 

i 938-G East Keefe Avenue, Milwaukee 1, Wisconsin 
| P = Z 

q Please send me full technical information 

; on Centralab Engineered Ceramics. 
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Mew ag se 
WESTERN ELECTRONIC SHOW 
San Francisco . . . Aug. 19-21 


Electronic engineers are 
gaining one or all of these 
product advantages from 

the newly engineered AlSiMag 
metallized ceramics ideally 
suited for soft soldering: 


® Marked improvements in 
stability 


© Better precision 


@ More rugged construction 


@ Increased reliability (Under 
all operating conditions) 


@ Space savings 


@ Lower costs of units 
or assemblies 


@ Simplification 


For recommendations on 


your problems, send sketches 
and complete details on 


operating conditions 
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The Five Touchstones of 


ENGINEERING-EXECUTIVE SUCCESS 


Five special attributes appear to mark engineers 
who have successfully turned business executives 
and risen to the top in some fifty leading American 
corporations: 


1. An ability to express themselves clearly and 
well. 

2. Normal curiosity regarding economics, fi- 
nance, law, psychology, and other non-engi- 
neering subjects. 

A willingness to make the logical and reason- 
able compromise with perfection which day- 
to-day business requires. 

. A ready understanding that income must ex- 
ceed outlay, and— 

. Above all, an ability to get along with con- 
temporaries and to understand, at least, 
competitors. 


Unless one can express his views and opinions to 
others, he is of little worth as an engineer or as an 
administrator. Today’s executives must maintain a 
constant contact with financiers, who provide their 
plants and credits; suppliers, who provide raw ma- 
terials; engineers, who design their products; labor, 
which builds the products; the sales force; and 
finally the customer to whom they must look for 
the profit which enables them to continue in busi- 
ness. Unless their contacts with each of these 
groups are in mutually understandable language, 

‘their jobs are not well done. 


BROAD KNOWLEDGE IS BASIC 


Broad collateral knowledge is essential to any 
engineer who aspires to management posts. He 
must learn why people buy one product and ignore 
another; understand the market trends and 
analyses; know the whys and wherefores of finance; 
become familiar with elementary business law; ob- 
serve labor trends and management reaction. 

Engineers are inclined by nature to be perfection- 
ists. Every engineer is sure that his fine handiwork 
of today can be made even finer tomorrow. And it 
is amazing how often he is right. If our predeces- 
sors had been content with their first early models 
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of the steamboat, or the airplane, progress would 
have bogged down before science had an opportu- 
nity to produce its greatest marvels. 

But the wise business executive recognizes that 
industry must produce goods—not just design them 
—if it is to prosper, and production is impossible if 
designs are changed from day to day. Thus, he 
realizes that practical operation must make the 
logical reasonable compromises with perfection 
which make possible continuous profitable opera- 
tion. The successful engineer-turned-executive 
realizes that there is a sharp and irreconcilable dif- 
ference between competitive production demands 
and the creation of a single model-shop unit. 


FACTS OF COMPETITIVE LIFE 


Production requires, for example, a design which 
can be made at the lowest cost consistent with sat- 
isfactory quality. It calls for connections and ad- 
justments easy to get at and simple to operate. It 
requires the fewest possible parts and the simplest 
assembly plan. It is this “know-how” which fre- 
quently means the difference between red or black 
ink. 

It is the basic “facts of competitive life” which 
the practical administrator never overlooks. 

Each of the foregoing characteristics is essential 
to management success, but there is another with- 
out which all others are lost. This magic key to 
successful administration is ability to get along 
with people. This ability to cooperate with one’s 
contemporaries influences every human relation- 
ship and is responsible more than anything else for 
the success or failure of a business executive. 


A guest editorial by the late Walter C. Evans, vice- 
president of Westinghouse Electric Corporation 
in charge of radio, TV, and electronic operations. 
Mr. Evans was a radio pioneer and experimenter 
whose activities continually broadened until he 
carried a heavy top-executive load in the rapid 
expansion of the Westinghouse company’s elec- 
tronic developments and applications. 
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Revealing Important Advances Throughout the Spectrum | 
of Radio, TV and Tele Communications : 


VIDEO RECORDING 
MAGNETIC-TAPE TV in recent years has been re- 


ceiving increasing mention in both newspapers and 
periodicals. Several methods of accomplishing this have 
been suggested and include: (a) Dividing the video 
bandpass required into discrete sections, and beating 
the frequencies in each of these sections against a fixed 
frequency oscillator so as to obtain a recordable beat 
frequency. (b) Determine frequencies having maximum 
energy concentrations in the video spectrum and ar- 
range the recording system facilities to accommodate 
these. (c) Establish a recording system which will re- 
cord only the difference video signals appearing in 
successive frames (change in picture elements, not 
entire picture). Researchers are hard at work on this 
problem and there are indications now that a practical 
system may be proposed before years end. The impact 
that such a development will have on the television, 
color television and motion picture industries will be 
tremendous. It’s conceivable that the recording of 
images on motion-picture film might be obsoleted as 
the result. 


COLOR TELEVISION 
CAMERA TUBES are still a most troublesome item 


in the compatible color television system. Equipment 
clumsiness and the electrical difficulties encountered 
in lining up the three individual pickup tubes used with 
the dichroic mirror arrangement are great annoyances 
to all concerned. RCA recently demonstrated a new 


ATOMIC-ENERGY RADIO TRANSMITTER 
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The biggest atomic explosion in all human history was that observed in 


the 16th century when a nova or “new star” broke out in the northern. 


sky in the constellation Cassiopeia,—a star which could be seen in bright 

for many weeks! That nova, centuries ago, flickered out of 

sight to even our largest telescopes, but now with the new radio detectors, 

a tremendous radio signal is continuously coming from that point in the 
blast 
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pickup tube which enables taking off the three color 
signals simultaneously, but this is still several years 
away from commercial reality. A newer approach has 
been to use vidicon camera tubes in conjunction with 
an orthicon camera tube. Here the latter picks up the 
monochrome detail and the former are employed for 
color information only. The fact of the matter is though, 
that we do not have the color-TV camera tubes we 
shall soon be needing. And prospects for getting them 
in the near future are not too bright. 


ELECTRONIC CUTTER 
ULTRASONIC SOUND WAVES now drive a new 


kind of machine tool that carves fancy shapes, drills 
holes, and does other such work in hard steel, glass, 
ceramics, or even precious stones. The 27,000-cycle 
machine was developed by Raytheon of Waltham, Mass., 
and was first used for mixing so-called immiscible 
liquids. Now the device, which employs “magneto- 
strictive” principles, has been developed into a machine 
tool which is expected to have widespread applications 
in many metalworking industries. Present form of the 
machine is most nearly like that of a conventional drill 
press, but Raytheon engineers are working on other 
models that may enable it: to perform the functions of a 
lathe, milling machine, boring mill, shaper, planer, saw 
and router. One of the most amazing features of the 
machine is that the cutting tool can be made of rela- — 
tively soft material—such as cold rolled steel, or brass 
—and yet, such a tool, cutting through only a few atoms 
at a time, will penetrate hard steel, stone, cast iron, or 
even sapphire! 


BASIC PHENOMENA 
ELECTRON FLOW—An electronic conductor is a 


lattice of atoms pervaded by free electrons forming an - 
electron-atmosphere defines Karl K. Darrow of Bell 
Labs. When an electric field is applied, the electron- 
atmosphere blows through the lattice like a wind. There 
are experiments that give the product of the wind- 
speed and the density of the electron-atmosphere, and 
there are other experiments that give either factor by 
itself. Normally the wind-speed declines with increase 
of temperature, the electron-density rises with rising 
temperature. In metals it is the former factor that 
dominates the dependence of resistance on temperature, 
in semi-conductors it is the latter. Theory says that the 
wind-speed depends on the vibrations of the atoms and 
on other irregularities in the lattice, and the electron- 
density on the-work required to transform a bound 
electron into a free one. 
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“PROMISED LAND’’ 


WEST VS. EAST—Why has the electronic industry 
grown so fast on the West Coast? Is it because excellent 
men, trained in the East, prefer to live in the West? Does 
the climate cause them to do better work than they 
could in the East? What about facilities? Equipment in 
labs. still is below the scale generally found in the East. 
Raw materials for manufacturing are not always at 
hand, transportation costs are greater because of long 
haul, both ways,; because principal markets for goods 
are usually not found in the West. There should be ad- 
vantages in guided-missile work on Coast because of 
nearness to aircraft companies and test fields. Outdoor 
tasks, such as testing antenna patterns, etc., can go for- 
ward many more days in the year than in the East. What 
are chances for post-graduate work in universities? 
Better recreation facilities? Good schools for children? 
Better health? Outdoors more? 

Answers to all of the latter questions appear to be in 
the affirmative. But to find out to what degree; to learn 
more of the situations and conditions, watch for next 
month’s Tete-Trecu. The whole issue is focused on the 
activities of the West Coast Electronic Industries. 


NEW HORIZONS 
DIELECTRIC AMPLIFIERS may someday take a 


place of industry prominence, along with the magnetic 
amplifiers about which we have heard so much in re- 
cent years. Dielectric amplifiers are powerful yet amaz- 
ingly simple and minute sheets, approximately %-inch 
square and 7/1000 of an inch thick. When used in simple 
circuits roughly similar to those employed with elec- 
tronic tubes, they amplify weak electrical currents to 
produce more powerful currents. Made of ferro-electric 
materials coated on each side with silver, they can best 
be described as resembling ordinary little pieces of 
paper. 

As far as present research can determine, these 
rugged little particles will last indefinitely and appear 
to have great promise for replacement of fragile vac- 
uum tubes in military equipment. They may also find 
their way into industry where automatic control equip- 
ment such as photo-electric counting and high speed 
Servo-mechanisms are used. For radios and TV sets, 
the amplifiers may not be of practical use because of 
the elaborate auxiliary equipment that goes along with 
them. 


Research on dielectric amplifiers has been under way 
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for the last three years with such participating units 
as General Electric, Bell Telephone, Glenco Co., Radi- 
ation Inc., Massachusetts Institute of Technology and 
Carnegie Tech. 


TELEVISION FILMS 


UHF STATIONS—The possibility has been sug- 
gested that the new UHF television stations will use 
different methods of film production from those used 
by VHF TV stations. All the available information 
points to the fact that there will be no difference in 
either film or live pick-up in UHF TV operations. Even 
the magnetic sound on films system is not, as far as is 
presently known, being proposed for TV operations. 
It is probably due to the fact that few if any TV film 
projectors have been modified to use this new system 
and even fewer release films, or library films have been 
duplicated using magnetic sound on film. Therefore the 
supremacy of the old optical system appears to be 
unchallenged. : 


10,000 to 14,000 GAUSS! 


New 2.5-ton magnetizing unit goes into operation in Stromberg-Carison's 
Sound Division plant, Rochester, N. Y. Photoelectrically controlled, unit 
consists of steel yoke supporting two pole-pieces each one foot in diam- 
eter. Each of the three coils on each pole-piece has 1450 turns of No. 12 
cotton-enamel copper wire. (700 ibs. copper, total) In operation, 50 amps 
at 300 v. produces 10,000 gauss in air-gap. When magnetizing 10.5 Ib. 
Ainico V poilepiece in 15-in. speaker, the flux density rises to 14,000 
gauss. Bulbs and heating coils are wired in parallel with magnet's coils 
to absorb power surges resulting from “on-off” operation. 
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By J. K. McCKENDRY 
General Precision Lab., Inc. 
63 Bedford Road 
Pleasantville, N.Y. 


JN the present state of magnetic- 

amplifier development, one of the 
most attractive applications is in the 
output stages of instrument servo- 
amplifiers, particularly for use in air- 
borne equipments. 

Under an Air Force contract, sev- 
eral positioning’ servomechanisms 
were required, having general simi- 
larities but differing widely in some 
details and specifications. The motor 
used in all instances is the 2 phase, 
400 cps, Mark 7 (Bureau of Ord- 
nance designation). It is rated at 6 
watts input per phase, has a stalled 
torque of 1.5 oz. in., and a free-run- 
ning speed of 5000 rpm. Ranges of 
variation in other important servo 
perimeters are: 


Maximum Minimum 
Gear Ratio 3200 533 
Control Signal 
Sensitivity 0.39 volts/degree 0.022 voits/degree 
Permissible 
Error 15 min. 3 min. 
In the interests of production 


economy and in consideration of the 
spares stocking problem, it was de- 
sirable to have a single amplifier de- 
sign for all these applications. In 
addition, no: factory or field adjust- 
ment of the amplifiers was to be re- 
quired. Fixed attenuators are pro- 
vided in the system to equalize the 
variations in control signal sensi- 
tivity and gear ratio. 

One feature common to all the 


Fig. 1: (1) Magnetic amplifier 


Magnetic Amplifier or 


Special designs provide control power for instrument type 
ment. Careful attention to design problems permit high reli- 


servos is the assumed presence of 
coulomb friction in the mechanical 
loading. A maximum value, based on 
previous experience with similar 
mechanisms, was assumed to apply 
in all cases. Each servo is then re- 
quired to have a sufficiently high 
torque-error constant to reduce 
error to acceptable limits in the 
presence of this value of load fric- 
tion. Unfortunately, since the fric- 
tion term is not controllable except 
as to its maximum value, it is not 
possible to rely on it as a stabilizing 
influence. 


Primary Function 


The primary system function is 
that of an analog computer having 
slowly varying inputs. Velocity and 
acceleration errors are accordingly 
of little significance, and the fre- 
quency pass bands of the servo- 
mechanisms can be correspondingly 
restricted. This consideration is of 
course favorable to the use of mag- 
netic amplifiers which are relatively 
low-pass elements. 

It was initially decided that an all- 
magnetic amplifier would not be 
feasible, in view of limitations on 
gain per stage and the anticipated 
difficulty in stabilizing a servo loop 
incorporating more than one stage of 
magnetic amplification. The ampli- 
fier, as finally produced, consists of 
a magnetic amplifier output stage 
and three dual-triode vacuum tubes 
of the voltage amplifier class. 

The magnetic amplifier, shown 
schematically in Fig. 1, with its asso- 


ciated control tube, is of a conven- 
tional type, consisting essentially of 
two identical saturable core trans- 
formers, The primary coils are con- 
nected in series across the 115 volt, 
400 cps line. The secondary coils are 
also connected in series, with oppos- 
ing polarity. With equal currents 
flowing in the two control windings, 
the transformer voltages are equal 
and there is no net output voltage. 
If the control current of transformer 
A is increased and/or the control 
current of transformer B is de- 
creased, the primary impedance of 
transformer A is reduced relative to 
that of B, and the primary and sec- 
ondary voltages of B will be cor- 
respondingly greater than those of A. 
\ net voltage of ‘B’ polarity then 
appears across the output terminals, 
Obviously a positive current incre- 
ment in the control winding of B 
will reverse the operation and yield 
an output of ‘A’ polarity. 

The physical dimensions of the 
magnetic amplifier are 1-5 x 2 x 
2-¥% in. Its weight is 13% oz, in a 
hermetically sealed case. The cores 
are stacked E-I laminations of audio 
transformer grade steel. Coils are of 
class “A” construction. 

Economical design of the magnetic 
amplifier requires that its internal 


impedance, as seen at the output | 


terminals, represent a_ significant 
fraction of the total load circuit im- 
pedance. The voltage delivered to 
the load is accordingly affected in 
magnitude and phase by the nature 
of the load impedance. This effect is 
usefully applied in the servo-ampli- 


with its asscoiated control tube. Fig. 2: (r) RC network following phase detector improves torque-erro constant 
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servomechanisms used in military equip- 
ability without sacrifice of performance 


fer by trimming the load so that it 
effectively consists of a resistance: in 

el with a capacitor which res- 
onates with the magnetic amplifier 
inductance at 400 crs. Under these 
conditions the load voltage is in ex- 
act quadrature with the primary 
line voltage, which is the desired 
condition for control of a 2-phase 
motor. This phase relation holds rea- 
sonably constant over the full range 
of output voltage providing the aver- 
age of the two control currents is 
maintained constant. 

A secondary benefit derived from 
the load tuning capacitor is the 
marked improvement in load voltage 
waveform due to harmonic attenua- 
tion. Other, less favorable, aspects of 
the tuned load circuit will be dis- 
cussed later. 

The preceding eeciigade stages of 
the servo-amplifier are shown in the 
circuit diagram, Fig. 2. They consist 
of an initial two stage, resistance 
coupled, ac amplifier, followed by a 
phase sensitive detector. The detec- 
tor output is coupled to the grids of 
the magnetic-amplifier control tube 
through a_resistance-capacitance 
network which performs the neces- 
sary shaping of the amplifier’s fre- 
quency response. 


Energy Storage Effects 


The necessity for frequency re- 
sponse shaping in this application is 
largely due to the energy storage 
effects. contributed by the magnetic 
amplifier, and by the interacting mo- 
tor and magnetic amplifier. To dem- 
onstrate the validity of this statement 
it is necessary first to examine the 
frequency dependent transfer func- 
tion of the motor alone. 

_ The Mark 7 motor, in addition to 
the characteristics already cited, has 
a rated rotor inertia of approxi- 
mately 0.017 oz. in.? The effective 
damping coefficient, computed from 
the rated stalled torque and the 
tated free running speed is 0.0029 
in, oz./radian/sec. The ratio of these 
two quantities in the order given and 
after conversion to equivalent units, 
ds approximately 0.014 sec. This is, 
by definition, the motor time con- 
‘stant. The inverse ratio, sometimes 
‘referred to as the motor natural fre- 
“quency or corner Srey; is ap- 
ie 


proximately 70 radians or 11 cps. 
This computed value is somewhat 
optimistic since the damping coeffi- 
cient at low control voltages is mark- 
edly smaller than at full rated volt- 
age. While the generated motor 
torque is a reasonably linear func- 
tion of control voltage, the free-run- 
ning motor speed at low control 
voltage levels is considerably higher 
than proportional. Tests with hard- 
tube proportional amplifiers, having 
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no energy storage elements effective 
in the servo frequency range, indi- 
cate thatthe actual corner frequency 
for low signal levels is approximately 
7 cps. With such an amplifier it is 
possible to achieve a closed loop gain 
corresponding to a_velocity-error 
constant of approximately 300 ra- 
dian/sec/radian, a torque-error con- 
stant of 0.5 in. oz./radian, and a 
resonant peak at approximately 20 
cps. Such a servo is not well damped 
but is acceptable for many applica- 
tions. 


Phase Lag Network 


The magnetic amplifier has an ob- 
vious energy storage mechanism in 
the inductance of the control wind- 
ings, In the circuit configuration of 
Fig. 1, using a 12AU7 dual-triode as 
a control tube, the effect is that of a 
phase lag network with a corner fre- 
quency in the vicinity of 30 cps. This 
is adjustable, to some extent, by 
variation of the effective control tube 
resistance, but practically cannot be 
increased much above the frequency 
mentioned. 

There is also a second, less ob- 
vious, energy storage mechanism as- 
sociated with the magnetic amplifier 
load circuit. As previously indicated, 
the control winding of the motor is 
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paralleled with a condenser which, 
at 400 cps, creates a condition of 
parallel. resonance with the motor 
winding effective inductance, plus 
series resonance with the magnetic 
amplifier load circuit inductance. 
When a modulated 400 cps carrier is 
impressed on this circuit, by the con- 
trol action of the magnetic amplifier, 
the higher frequency modulation 
component lags in phase behind the 
low frequency component. The net 
effect is the production of a phase 
lag in the modulation envelope. In 
the region of interest this can be 
satisfactorily represented as a simple 
phase lag element, operating on the 
modulation frequency, and having a 
corner frequency at approximately 
30 cps. 


Servo Motor Blocked 


The two preceding effects are ob- 
servable with the servo motor 
blocked. There is also a third dele- 
terious effect which becomes appar- 
ent only when the motor is running 
free, and results from an interaction 
between the motor and magnetic 
amplifier. The stalled motor can be 
satisfactorily represented (at fixed 
frequency) by paralleled resistance 
and inductance. Free running, the 
motor has an induced internal volt- 
age, which is essentially .in series 
with its equivalent resistive com- 
ponent, The external impedance pre- 
sented at the motor terminals to this 
back e.m.f. is essentially that of two 
parallel resonant circuits of quite 
high “Q”. For a fixed value of con- 
trol signal fed into the magnetic 
amplifier there will be, then, a con- 
siderably higher voltage across the 
terminals of the freerunning motor 
than across the stalled motor. This 
increase in voltage with increasing 
speed constitutes an effective reduc- 
tion in the motor damping coefficient. 

In the closed loop servo equations, 
reduction of the motor damping co- 
efficient can produce varying results, 
depending on what compensating 
changes can be made in other loop 
parameters. In the absence of all 
time lags except that of the motor, 
it must entail reduction of the 
torque-error constant, reduction of 
the loop damping ratio or a com- 
bination of these two effects. The 
presence of time lags at higher fre- 
quencies furthermore places an ab- 
solute limit on the amount of reduc- 
tion in damping ratio which can be 
accepted in lieu of reduced torque- 
error constant. 

The back e.m.f. of the servo-motor 
is proportionally larger at low con- 
trol voltages. It therefore not only 
reduces the average motor damping 
coefficient but also enlarges the range 
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of variation of this parameter, to 
such an extent that it is impossible 
to compensate the effect adequately 
by any simple means such as a phase 
lead network. 

It has been found possible, by 
means of inverse feedback around 
the magnetic amplifier, to minimize 
the back e.m.f. effect to a consider- 
able extent. In this particular appli- 
cation use of feedback would have 
required a large number of addi- 
tional components, and would have 
placed some undesirable limits on 
system functioning. Amore accept- 
able solution was found to be the 
use of load-damping resistors across 
the motor terminals. This of course 
reduced the maximum useful power 
output of the magnetic amplifier but 
not to an intolerable extent. The ef- 
fective motor corner frequency is, by 
this means, restricted to a range of 
variation of approximately 3 to 5 
cps. With this modification, the com- 
posite open loop transfer function of 
the motor and magnetic-amplifier 
can be adequately represented alge- 
braically as a fractional expression 
having a gain-constant in the numer- 
ator and a fourth degree polynomial 
in jw in the denominator. A graphi- 
cal plot of the amplitude of the 
transfer function in decibels against 
log of frequency can be approxi- 
mated by three straight-line asymp- 
totes; the first extending from zero 
to 3 cps with a slope of —6 db per 
octave, the second extending from 
3 cps to 30 cps with a slope of —12 
db per octave, and the third above 
30 cps with a slope of—24 db per 
octave. 


Clesed Leop Stability 


The phase shift associated with the 
transfer function reaches 180° (lag- 
ging) at approximately 6 cps. For 
closed loop stability the gain con- 
stant must accordingly be adjusted 
to produce feedback cut-off at or be- 
low this frequency. The correspond - 
ing vvelocity-error constant is 
approximately 75 radians/sec/rad- 
ian and the torque-error content is 
approximately 0.06 in. oz. radian or 
about one tenth as large as that 
which can be realized with an un- 
compensated hard-tube amplifier. 

The re-shaping of the transfer 
function to improve the torque- 
error constant to a usable level is 
performed in the resistor-capacitor 
network shown following the phase 
detector in the circuit diagram of 
Fig. 2. This is a composite lead-lag 
network of a common variety some- 
times descriptively titled a “notch” 
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network. The straight-line asymp- 
totes of its amplitude response curve 
on a decibel-log frequency graph 
are as follows: 
1. A straight line of zero slope be- 
low 0.035 cps. 
2. A straigh line of —6 db/octave 
slope from 0.035 cps to 1.0 cps. 
3. A straight line of zero slope 
from 1.0 cps to 1.7 cps. 
4: A straight line of plus 6 db/oc- 
tave slope from 1.7 cps to 48 cps. 
5. A straight line of zero slope 
above 48 cps. 
In Fig. 3 are shown the ampli- 
tude response asymptotes for the 
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Fig. 4: Transfer functions of rate servo 


composite motor-magnetic amplifier 
and for the notch network, together 
with the asymptotes of the curve 
representing their cascaded response. 
This overall response curve has a 
section of —6 db per ottave slope 
between the frequencies of 1 cps 
and 30 cps (with minor irregular- 
ities near the low frequency end). 
The phase shift corresponding to 
this amplitude curve reaches 180° at 
approximately 20 cps. At lower fre- 
quencies it remains in the quadrant 
between 90° and 180° with a maxi- 
mum lag of 160° in the region of 0.2 
CPS. 

If the loop gain is adjusted to pro- 
duce feedback cut-off anywhere in 
the region of 1 to nearly 15 cps, the 
servo operation will be stable and 
acceptably. damped. With cut-off at 
15 cps, the velocity error constant of 
the servo is approximately 1900 ra- 
dians/sec/radian. The torque error 
constant is 1.4 in. oz./radian for this 
same gain level. 


Gain Variation 


Computed maximum variation in 
overall amplifier gain, due to arith- 
metic addition of all component var- 
iations affecting gain, amounts to a 
range of approximately 5 to 1. In 
each individual loop a fixed attenu- 
ator is included such that the loop 
gain, with an amplifier having maxi- 
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mum computed gain, will réach out. 
off at 15 cps. A minimum gain am- 
plifier will accordingly’ produce a 
torque-error constant of 0.28 oz 
in./radian. This is sufficient in alj 
cases to meet the static accuracy 
requirements of the system. 


Rate Servo 


The servo-motors used for this 
application are a 2-phase 400 cpg 
type, similar to Naval Ordnance 
Mark 8 except that they have 4 
poles per phase, yielding a syn- 
chronous speed of 12,000 rpm. The 
stalled torque is 2.5 oz. in. and the 
free running speed is 10,000 rpm. 
The motor damping coefficient, com- 
puted from these values is 0.0024 
oz. in./radian/sec. Rotor inertia is 
0.019 oz. in.? and that of the direct- 
coupled precision tachometer is 0.57 
oz. in.2? The effective motor time 
constant is then 0.64 sec, and the 
corner frequency is 1.56 radians or 
0.25 cycles/sec. As in the previous 
case, this value is reduced at low 
signal levels, to approximately 0.15 
CPS. 

The amplifier used is identical in 
configuration with that of the posi- 
tioning servo. Differences are in the 
magnetic amplifier which is slightly 
larger, as required to furnish the 
rated motor input power of 16 watts, 
and in the shaping network values. 

The requirements placed on the 
shaping network are again deter- 
mined almost entirely by the nature 
of the transfer function of the com- 
posite motor-magnetic amplifier. As 
in the positioning servo, the phase 
lag effects due to the control wind- 


ing inductance of the magnetic am-_ 


plifier and to the resonant load 
circuit become effective in the va- 
cinity of 30 cps. There is also a sub- 
stantial and variable reduction of the 
effective motor damping coefficient. 
In the case of the rate servo it was 
found possible to tolerate this vary- 
ing effect without direct compensa- 
tion. 

With the varying motor time con- 
stant it is not possible to define an 
exact transfer function in linear 
terms. However it is possible to de- 
fine the limits of the transfer func- 
tion and determine loop stability 
for all intervening fixed values. In 
the lower limit the transfer function 
can be approximated on a db-log 
frequency graph by a straight line of 
zero slope below 0.025 cps, a straight 
line of —6 db-per octave slope from 
0.025 to 30 cps and a straight line of 
—18 db per octave slope above 30 
cps. In the upper limit the low fre- 
quency asymptote extends to ap- 
proximately 0.15 cps, the upper cor- 

(Continued on page 123) 


By 
JEFF EVANS 
Chief Engineer 

WLDY 
Ladysmith, Wis. 


WAOST radio stations can make 

use of an extra remote ampli- 
fier, especially when the amplifier 
has good fidelity and is self-con- 
tained. Sometimes it is necessary to 
mun a couple hundred feet of ac line, 
and sometimes no ac whatsoever is 
available. In the smaller stations, a 
single man quite often carries the 
remote broadcasts, and a battery- 
operated. amplifier, simple to oper- 
ate, maintain, carry and cheap to 
build, is a boon. 

The following battery-operated 
femote amplifier (see Fig. 1), 
weighing only a few pounds, has only 
one switch to turn on and one vol- 
ume control which is usually opened 
to maximum and left there. If pre- 
ferred, the volume control can be 
omitted entirely. As an additional 
aid, a surplus visual indicator was 
added. If the operator wishes, there 
isroom inside for spare batteries but 
we prefer to pack the microphone, 
spare batteries, spare tubes, screw- 
driver, headphones, etc., in a com- 
panion box about 8 in. square. The 
operator can broadcast conveniently 
from any place the phone com- 
pany will string a loop. 


Mounting Arrangement 


The amplifier is contained in an 8 
by 12 in. metal box obtained from a 
hardware store at a cost of $2.59. 
The amplifier is mounted in the left 
third of the bottom about 1.5 in. from 
the bottom to allow for wiring, on 
shelf brackets made from two pieces 
of scrap aluminum bolted to the 
front and back to give support to 
the amplifier chassis. 


' Basically, the chassis is an old GE 


pre-amplifier 4BA1B (any pre-am- 
plifier will probably fit). The trans- 
formers were left in the pre-ampli- 


fier and the four octal sockets 
Adapted themselves readily to the 


Battery-Operated Remote Amplifier 


Extremely simple to construct and operate, self-powered portable unit 
provides remote audio pick-up where ac line is not conveniently at hand 


two tubes and two plug-in capaci- 
tors. The circuit is a standard audio 
amplifier utilizing a 1H5 input and a 
1D8 output tube with one half of the 
1D8 used as an intermediate ampli- 
fying stage. See Fig. 2. To help keep 
the amplifier non-microphonic, the 
input stage tube is shock mounted 
on rubber grommets, as are the in- 
put stages of most pre-amplifiers. 
The input 1H5 is shielded and wir- 
ing is kept as short as possible. 

When first built, the amplifier did 
not have visual indication, but we 
obtained a few army surplus indica- 
tors with black, green and red scale. 
A check with a VU meter showed 
them to be perfectly color coded for 
—10, 0 and plus 3 VU positions. This 
meter will take a lot of abuse, and 
gives an indication of movement and 
signal output. It is recommended 
that if loud sounds are picked up the 
gain be cut down to give an indica- 
tion of full scale reading. Under 
these conditions the normal male 
voice during a sports event will 
continually kick the meter and un- 
der yelling circumstances will hit 
full scale or peg lightly. 

The drain on the batteries is ex- 


tremely light and the batteries will 
last for a year. WLDY uses this 
amplifier for all sports. As the sta- 
tion uses 250-ohm microphones with 
three-prong Cannon connectors, the 
female wall-mounting Cannon sock- 
et was mounted on the front of the 
amplifier with the gain control, head- 
phone jack and VU meter. The off- 
on switch, S-1, however, is mounted 
just inside the amplifier to forestall 
accidental switching. The case can 
be locked so that the operator does 
not have to be immediately on hand 
to make sure the amplifier remains 
on. The switch merely turns on the 
filaments and the amplifier is imme- 
diately ready for use—no warmup 
is necessary. The input and output 
transformers are Thordarson shield- 
ed case transformers, but any good 
audio transformer could be used, 
and, if using a high impedance mi- 
crophone, the input transformer 


could be omitted and the necessary 
resistor installed for high impedance 
input to the 1H5. The output trans- 
former can be any impedance de- 
sired. WLDY uses a 600-ohm out- 
put impedance to match the tele- 
(Continued on page 130) 


Fig. 1: Simply constructed remote amplifier is housed in 8 x 12 in. box, weighs only a few pounds 
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Fig. 2: Circuit of battery-operated unit employs surplus meter Gs visual modulation indicator 
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Fig. 1: To produce printed circuit, copper 
laminate plate (A) is sensitized (8), and 
exposed to light through negative (C), Un- 
exposed enamel is dissolved (D). Copper areas 
unprotected by hard enamel are etched away (E) 


By. 
GORDON E., 
BROOMHALL 

Allen B. DuMont 
Labs., Inc. 
35 Market St. 
E. Paterson, N. J. 


r the field of electronic manufac- 
turing and development, printed 
circuits are attracting an increasing 
interest as the solution to many en- 
gineering problems. With stimulated 


activity in both the-development of | 


new equipment and the conversion 
of existing circuits utilizing the 
printed circuit techniques, it is self- 
evident that facilities for producing 
samples in the laboratory are highly 
desirable, if not essential. 


Quantity Production 


‘A number of practical methods 
have been evolved for the quantity 
production of printed circuits each 
having its own merits with regard to 
electrical and mechanical properties, 
cost, and speed of production. While 
somewhat slow and costly from the 
production standpoint, the photo- 
etch process is capable of producing 
circuit boards of the highest accur- 
acy. For this reason, the photo-etch 


Printed Circui 


Practical photo-resist method for small quantity pro- 
duction of circuit boards permits engineers to ex- 
periment with simply operated low-cost equipment 


technique has been chosen for labo- 
ratory use. The initial expense can 
be kept to a minimum and the rela- 
tive simplicity of the method allows 
corrections and modifications, both 
temporary and permanent, to be ap- 
plied at any stage in the process. 


Photo-Resist Technique 


Briefly, the photo-resist technique 
is as follows: 

1. The required layout is 
drawn, usually to an en- 
larged scale. 

2. A high contrast printing 
negative is produced photo- 
graphically in a _ process 
camera. 

3. A copper-clad plastic lam- 
inate plate is coated with a 
light sensitive enamel (Fig. 
la, b). 

4. Masked by the negative, the 
sensitized plate is exposed to 
light (Fig. 1c). 

5. The exposed plate is devel- 
oped. washed, and dried 
leaving an enamel resist im- 
age on the surface of the 
copper (Fig. 1d). 

6. The copper area not pro- 
tected by the enamel resist is 
dissolved away by immersion 
in ferric chloride etching so- 
lution (Fig. le). 

7. The remaining enamel is re- 
moved, the plate cleaned, 
dried, and trimmed to size. 

Good. photographic reproduction 
requires a high contrast ink draw- 
ing on a clean white background; 
medium weight, white bristol board 
is commonly used for this purpose. 
High dimensional stability espe- 
cially in excessively humid condi- 
tions may require the use of glass 
drawing cloth or vinyl film to main- 
tain tolerances. Drawings for photo- 
graphic reproduction are usually 
scaled up two to five times required 
size; the actual degree of enlarge- 
ment being dictated by the desired 
accuracy. Minimum line widths and 
spacings should be kept. to 0.010 in. 
since one or two mils may be lost in 
the etching process. Large areas of 
bristol board to which india ink is 
applied may warp due to excessive 
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moisture absorption. To avoid this 
condition the area is outlined in 
india ink and filled in with a non- 
aqueous black opaque such as 
Dietzgen scratch 2704 opaque, a sus- 
pension of colloidal graphite in butyl 
protection is obtained by covering 
the completed drawing with one of 
the acrylic plastic sprays supplied in 


small spray containers (Krylon, 
Quick Spray, Spray Art). 
Vinyl Film 


A versatile drawing medium re- 
cently investigated is a vinyl film 
coated with a photographically 
opaque lacquer more commonly 
used in making silk screens. The 
drawing is made by cutting through 
the lacquer overlay with an etching 
knife and carefully peeling off the 
unwanted coating. Replacing the 
drawing lead with a steel cutting 
blade adapts conventional drafting 
instruments to this technique. The 
very sharp lines produced by the 
cutting action allows the circuit to 
be drawn in reversed negative 
form; thus the circuit board may be 
printed directly from the drawing 


without the need of photographic 


reversal. 


The Negative 


Where photographic equipment is 
available and tolerances are not too 
strict, the drawing may be reduced 
to required size in the laboratory. 
Generally, however, these facilities 
are not common to electronic labo- 
ratories so that a more convenient 
procedure is to employ the services 
of a photoengraving shop; their ex- 
perience in the production of nega- 
tives and plates for the printing and 
lithographic trade is directly adapt- 
able to the technique of printed cir- 
cuits. Some preliminary checks must 


be made on the accuracy of their 


process camera; it is advisable to in- 
clude at least one dimension on the 
drawing so that corrections, if neces- 
sary, can be made to the camera cal- 
ibration. Ordinarily the photoen- 
graver will use an acetate or nitrate 
base film in his work; for greater 
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ion a non-shrinking vinyl base 
film is available, while for maximum 
stability, glass plates are necessary. 

It is often desirable, where a num- 
ber of small circuit boards are to be 
made, to make use of the full ca- 
pacity of the equipment by printing 
with a multiple negative. Where 
available, a step and repeat camera 
is capable of producing a number of 
negative images of one drawing on 
asingle piece of film, each image ac- 
curately spaced for ease of final 
trimming. An alternative method is 
to mount the required number of 
negatives on a sheet of clear film by 
means of cellulose tape; this may 
be used as the printing negative or a 
contact copy can be made for the 
purpose. 

Most manufacturers of laminated 
plastics are actively producing cop- 
per-clad sheet stock for photo-etch 
circuits. Complete data on mechani- 


| | echniques for the Laboratory 


cal and electrical properties is avail- 
able from the manufacturers; gener- 
ally, the variety of materials ranges 
from phenolics to teflon in thick- 
nesses from 0.005 to 0.5 in. with cop- 
per foil from 0.00135 to 0.005 in. on 
one or both sides. 


Roughening Copper Surface 


The material having been chosen, 
the plate is cut approximately % to 
2 in. larger in each dimension than 
the required circuit board. Thor- 
ough cleaning and a slight roughen- 
ing of the copper surface is essential 
and may be accomplished in the fol- 
lowing way: Fine pumice powder is 
sprinkled over the dry plate, a wad 
of cotton or a small hand scrubbing 
brush moistened in a 3% sulfuric 
acid solution is used to rub the 
pumice over the plate. After scrub- 
bing, the plate is rinsed under a 


Fig. 2: 78-rpm phono motor in whirler spins circuit board to obtain uniform light-sensitive coating 
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Fig. 3: Sensitized copper surface and negative are exposed to 40-amp are light for 2-5 minutes 
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stream of water and swabbed to 
remove any acid or pumice residue. 
As a test of proper cleaning, the 
plate should be capable of main- 
taining an unbroken film of water 
on its surface. 

Several sensitizing solutions are 
on the market, commonly known in 
the photoengraving trade as cold top 
enamel. The two most desirable 
qualities are first the ability to re- 
sist the etching solution and second 
their resistance to humid atmos- 
pheric conditions. Several products 
should be tested to assure absence 
of fog in the form of scum on the 
developed plate under adverse hu- 
midity conditions. Cold top enamels 
may be obtained from photoengrav- 
ing supply houses. 


Enamel Application 


Following the cleaning procedure 
and while still wet, a quantity of 
enamel, sufficient to cover the plate, 
is poured on, flowed to each corner 
and drained off. A second coating, 
applied in the same way is allowed 
to remain while the plate is trans- 
ferred to the whirler where final 
drying takes place. To obtain a 
uniform coating it is necessary to 
whirl the plate horizontally at ap- 
proximately 80 r.p.m. in a whirling 
machine. See Fig. 2. This type of 
equipment is standard with photo- 
engravers and many models are 
available for both upright and in- 
verted whirling. The speed may be 
increased to 100 r.p.m. in later dry- 
ing stages in order to throw off 
enamel which may collect in the 
corners. Where economy is essential, 
an acceptable sustitute can be made 
from a 78 r.p.m. record player turn- 
table. Application of mild heat has- 
tens the drying cycle, but the plate 
must not be allowed to exceed 120° 
F. A small strip heater or an in- 
verted hot plate element mounted 4 
to 6 in. above the plate provides 
sufficient heat for this operation. 
Since the dry enamel is light sensi- 
tive, the whirling equipment should 
be housed in a wooden or metal en- 
closure to exclude excessive light. 
The turntable should be easily re- 
movable for cleaning. 

With the negative, emulsion 
(dull) side down, in tight contact 
with the sensitized copper surface, 
the exposure to a high intensity 
light source is given for several 
minutes. Uniformly intimate contact 
must be maintained between nega- 
tive and plate, particularly where 
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fine detail must be reproduced and 
for this purpose two types of print- 
ing frames are available. For circuit 
boards in excess of 1 or 2 sq. ft., a 
vacuum frame is necessary; for 
smaller work, a pressure type frame 
in which the negative and sensitized 
plate are sandwiched under pres- 
sure between a sheet of plate glass 
and a sponge rubber padded back 
plate. 


High Intensity Light 


For reasonably short exposure 
_ times, a high intensity light source 
is necessary. Where any quantity of 
work is anticipated, an arc lamp of 
20 to 40 ampere capacity is a wise 
investment. Alternatively, a battery 
of 4 to 6 reflector photofloods, suit- 
ably mounted on a stand, may be 
used although the excessive heat 
may require the use of a cooling fan 
directed at the printing frame. Ex- 
posure time to a 40 ampere arc light, 
3 feet from the contact frame, varies 
between 2 and 5 minutes depending 
on the type of enamel used. See 
Fig. 3. ; 

The action of light through the 
clear areas of the negative results 
in a hardening of the enamel; the 
action of the developer is to dissolve 
the unhardened emulsion to expose 
the underlying copper. The devel- 
oper commonly used is methyl al- 
cohol containing a quantity of dis- 
solved blue dye. The dye present in 
the solution stains the remaining 
enamel so that defects in the image 
can be easily detected. The devel- 
oper is usually stored in a vertical 
tank large enough so that by sus- 
pending the plate from the top edge 
it hangs completely submerged in 
the solution; the width of the tank 
need only be 2 or 3 in. It is conven- 
ient to mount the tank near the 
sink and be equipped with a tight 
fitting cover to prevent evaporation 
of the developer when not in use. 


_against the 


The exposed plate is suspended in 
the developer for approximately two 
minutes, removed, and quickly 
flooded with a heavy stream of wa- 


ter to wash away the alcohol and 


dissolved enamel;.a short length of 
hose attached to the water faucet 
allows_the water stream to be di- 
rected quickly to all areas of the 
plate. At this point the image should 
appear sharply outlined in blue 
against a clean copper background. 
In damp weather, particularly, the 
copper areas may be fogged with a 
light blue scum, which, with great 
care, may be removed by very light 
swabbing with a water soaked wad 
of cotton. The image is very soft at 
this point and after draining and 
shaking off the surface water it is 
thoroughly dried and hardened by 
exposure to infra-red lamps. Drying 
may be accelerated by directing the 
air stream from an electric fan to- 
wards the plate. Upon drying, the 
circuit board may be inspected for 
pinholes and breaks in the enamel 
resist pattern. Blue lacquer such as 
is used in sheet metal layout work 
is recommended for repairing de- 
fects when applied with a fine sable 
or camel hair retouching brush. A 
small etching knife or razor blade is 
of value in removing unwanted 
resist. 


Etching 


The purpose of the etching proc- 
ess is to remove chemically all cop- 
per areas not protected by the en- 
amel resist; prime requirement are 
speed and uniformity of etching ac- 
tion. Etching machines as used by 
photoengravers fulfill these require- 
ments by the use of a motor driven 
paddle wheel which throws the fer- 
rie chloride etching solution uni- 
formly and with considerable force 
vertically mounted 
plate. Although etching takes place 
at the rate of about 2 minutes 
per mil, the cost of such equipment 


is often prohibitive and in such 
cases one of the following alterng- 
tive methods may be used. 

1. Still bath etch: This type is 
simply a tray slightly larger than 
the circuit board containing 2 or 3 
in. of ferric chloride solution. The 
plate is first swabbed lightly with a 
piece of cotton saturated with etch 
solution to break down any oil or 
grease film that may have accumu- 
lated on the copper. Being careful to 
avoid trapping air bubbles under- 


‘neath, the plate is slid face down 


into the solution. Small non-metallic 
blocks support the plate at each 
corner just below the surface of the 
solution, additional blocks being 
placed on top to weight it down. 
Etching takes place at the rate of 
about 15 minutes per mil. Unetched 
areas resulting from air bubbles or 
grease spots can be locally etched 
by light rubbing with etch soaked 
cotton. 

2. An improved version of the 
still bath can be made by installing 
an air bubbler in the bottom of the 
tank. See Fig. 4. A perforated plate 
is placed in the tank spaced about 
% in. from the bottom, % in. of 
etch solution is used and the in- 
verted plate is mounted approxi- 
mately % in. above the surface. 
Compressed air is blown through 
the perforated plate sufficient to 
raise bubbles to the level of the cir- 
cuit board. Preliminary swabbing 
is not usually required although as 
an after treatment, it is useful in 
cleaning up-any unetched areas. The 
action takes place at an 8 minute 
per mil rate. 

3. A spray etcher has been used 
in which the ferric chloride solution 
is sprayed from a glass nozzle which 
draws its supply from the bottom of 
the tank. The circuit board in this 
case is mounted vertically. See 
Fig. 5. 

The etching solution in each case 
is a 42° Baume solution of ferric 
chloride, and is obtainable in pre- 
pared form from photoengraving 

(Continued on page 111) 


Fig. 4: (1) Exposed board is placed face down above etching bath. Bubbles carry ferric chloride to surface. Fig. 5: (r) Spray etcher 
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Perforated-Tape Reader 


High reliability is featured in vacuum-actuated tape sys- 


tem for feeding input information into digital circuitry 


By SIDNEY WALD 


Glenn L. Martin Co, 
Baltimore 3, Md. 


ERFORATED paper tapes, be- 

cause of their many advantages, 
have continued to enjoy wide popu- 
larity as a means of supplying input 
information to various kinds of elec- 
tronic equipment. Such punched 
tapes employing a variety! of paper 
widths and hole codes have been 
ased for the control of automatic 
looms, simulated road testing, tele- 
type transmission, automatic mes- 
sage accounting for telephone serv- 
ice, and as input data for digital 
computers. 

As a means for converting coded 
data into accurately timed electrical 
pulses these tapes may be punched 
manually at a relatively slow rate 
and later decoded by a suitable tape 
reader at the high speeds acceptable 
to the rest of the machine. 

The particular principle employed 
to actuate any given tape reader de- 


THIS TAPE READER was developed under 
Signal Corps contract to provide a means 
for feeding input information into digital 
circuitry. It features: 

High reliability and ruggedness 
No tubes or auxiliary amplifiers 
Negligible wear on tape 


pends of course on the requirements 
of the machine it is to control. 

These principles may be classified 
as follows: 

1. Mechanical “pin-sensing” 

2. Brush contact 

3. Photoelectric 

4. Pneumatic or vacuum actuated 

The pneumatic pin-sensing tape 
reading principle is used more 
widely than any of the others be- 
cause of the high degree of reliabil- 
ity and ruggedness which is thereby 
attained. This method is employed 
for teletype transmission, typewrit- 
ten letter duplicators and automatic 
telephone message accounting. 
. The tape is pulled intermittently 
through a gate where a series of 
spring-loaded steel pins (whose di- 
ameters are slightly less than those 
of the holes in the paper) repeatedly 
try to push their way through. When 
one or more of the pins encounter 


TELE-TECH & ELECTRONIC INDUSTRIES * July 1953 


holes, they travel further than those 
which meet with the resistance of the 
unpunched paper. Those pins which 
pass through holes permit contact 
making levers to operate. 

Such devices operate at a maxi- 
mum speed of about 10 holes per 
second and pose a serious problem 
for the tape if it is desired to read the 
same. information repeatedly. The 
average life of a typical paper tape 
0.003 in. thick in such a reader is 
about 10 to 15 passes before the pins 
succeed in pushing new holes 
through the paper. 


Brush Contact Readers 


Brush contact readers attempt to 
make and break circuit right through 
the holes by means of light pressure 
electrical contacts. While higher 
speeds are readily obtainable with 
such devices, their reliability is ex- 
tremely low since with heavy brush 
pressure the tape or the brush 
wears out rapidly depending on the 
relative abrasion resistance of the 
two. Light brush pressures result in 
unreliable operation. Such devices 
have not been generally employed in 
the past for these reasons. 

Photoelectric tape readers have 
been used to a large extent in con- 
nection with digital computers be- 
cause of the very high operating 
speeds obtainable. However, where 
many tapes must be read simultane- 
ously, a great deal of auxiliary am- 
plifying equipment is required, thus 
neutralizing to a large extent both 
the simplicity and reliability of the 
method. 

Pneumatic means for decoding 
punched tape have been used since 
the early 1900’s in “player-pianos” 
when musical compositions were en- 
coded on a wide paper tape, in com- 
binations of some 90 holes. Reduced 
air pressure from a vacuum pump 
caused the proper piano keys to be 
struck when the corresponding holes 
in a reading bar were opened by the 
passing perforations. These devices 
were rugged, highly reliable and 
permitted innumerable readings of 
the paper tape to take place at mod- 
erate speeds. In spite of the rather 
crude components available during 
that period, key striking rates up to 
8 per second could be attained. 


In this article is described a mod- . 


(Continued on page 108) 


Fig. 1: Pneumatic tape reading head 
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Fig. 2: Atmospheric pressure through “A” keeps 
SW: closed. Closed hole “‘C” permits vacuum to 
actuate bellows which opens contacts of SW: 
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Fig. 3: Construction of individual bellows unit 


Fig. 4: Experimental lab set-up. Paper tape is 
pulled at 2.5 ips, equivalent to 25 pulses/sec 
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ABC Audio Installation 
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Fig, 1: Basement floor plan of American Broadcasting Co, buliding in New York City 


Network move to new facilities in New York, Chicago and 
Los Angeles affords opportunity to standardize studio 
equipment. Novel switching system in master control 


By: 


E.P. VINCENT, American Broadcasting Co., 7 Weat 66th St., New York, N.Y. 


and 


A, C. ANGUS, Broadcast Studio Sect., General Electric Co., Syracuse, N. Y. 


T= American Broadcasting Co. 
move to new radio network 
quarters in New York, Chicago and 
Los Angeles, necessitated complete 
AM broadcast studio construction 
and audio equipment installation. 
In as much as all three locations are 
represented by similar design let us 
consider the New York ABC-WJZ 
Broadcast studios. 

The building, six stories and a 
basement, contains 11 studios, mas- 
ter control, news room, recording 
room, maintenance and field shop 
and operations offices. These func- 
tions were apportioned as follows: 
In the basement (floor plan shown 
in Fig. 1) are located the Ampex tape 
recording room, maintenance shop, 
equipment room and Studio 1A. 
Studio 1A is one of the four largest 
studios measuring 37 x 46 x 35 feet 
high, and serves the purpose of the 
show case studio with an isolated 
gallery for about 100 persons, and a 
clients booth, both on the upper 
level and viewing downward. 

On the main floor, shown in Fig. 
2, the lobby is located with a gold 
fish bowl arrangement for the mas- 
ter control room which is of a size 
designed to accommodate wy oper- 


ating control equipment. Also lo- 
cated on this main floor is the an- 
nounce booth used for local station 
breaks and announcements. 

On the second floor, space is allo- 
cated to operations offices and 
Studio 2A and control room—ap- 
proximately the same size as 1A. 
The entire third floor (Fig. 3) is de- 
voted to news operations. The con- 
trol room houses all equipment nec- 
essary for any special events pickups. 


The fourth, fifth and sixth floors 
contain only studios (see Fig, 4), 
two more A or large studios, three 
B or medium studios, and three C oy 
small studios. The Studio 1A con- 
trol room below the observation 
gallery (Fig. 5), provides for two 
audio racks, console and turntables, 
these to be used immediately. Studio 
1A control room, as well as the 
three other A studio control rooms, 
is oversized purposely for the fu- 
ture installation of TV equipment. 
The studios were treated acousti- 
cally such that the “A” studios 
would have a reverberation time of 
0.75 second, at 512 cps, with the 
smaller studios at shorter times pro- 
portionate to their size. 


Design Modified 


These design principles were ex- 
tended to Chicago and Los Angeles, 
with their six studios apiece, all 
modified slightly to meet existing 
local conditions. To facilitate instal- 
lation of the audio equipment, no 
interconnecting terminal blocks 
were used, In order to accomplish 
this, ample conduits were installed 
with six 4 x 4 duct risers run di- 
rectly through the building from 
basement to ceiling, with two left 
unused, these for future television 
use. Each studio was then connected 
with four 2-in, conduits, to these ris- 
ers. With this scheme, audio pairs 
and control wires were run straight 
through from studio to master con- 
trol, with the longest, 120 ft., from 
6A to the master control racks. 

Taking all three locations, New 
York, WJZ, Los Angeles, KECA, 
and Chicago, WENR, let us sum- 
marize the requirements for equip- 
ment that was to be placed before 
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Fig. 3: Third floor in ABC building is devoted to news and special events 
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Fig. 2: First floor plan of American Broadcasting Co, building In New York City 


manufacturers for their submittal 
of proposals. The fact that three 
stations of the ABC radio network 
were to be newly equipped, af- 
forded us an opportunity to realize 
the dream of standardization. To do 
this a master control that could 
accommodate any possible combina- 
tion of inputs and outputs in any 
one of three locations, was neces- 
sary. It must be remembered that 
although the three outlets are part 
of one network, the individual func- 
tions are quite different. New 
York’s function being mainly that of 
origination of shows for network 
use, production of shows on tape, 
ete. Chicago, with its different 
time zone, concentrates on delayed 
broadcasts through the medium of 
fape and in addition will feed per- 
haps as many as four regional net- 
works. Los Angeles is a combination 
of both New York and Chicago. 


Inputs in New York 


New York’s requirement is for 
the maximum fumber of studio and 
temote inputs to a master control 
switching system. A figure of 20 
equipped and four non-equipped in- 
puts was arrived at as being opti- 
mum. This easily handles New 
York’s 11 studios and would actu- 
ally be more than enough for the 
other two locations. The matter of 
output channels is determined by 
the maximum any one of the three 
would require. This would be Chi- 
cago, with about six active and two 
Spare channels making a total of 
eight. We, therefore, required a 
Master control switching system 
With 24 inputs and eight outputs. 
Each output channel must be 
equipped to feed two parallel radio 
lines, properly isolated for regular 
and emergency purposes. 

As an absolute minimum the fol- 
lowing items must be included: 

1. Output channel amplifier 
and studio switcher input 
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amplifiers, loudspeaker mon- 
toring of all outputs and in- 
puts, with VU metering of 
output channels. 

2. Facilities to accommodate of- 
fice and control room moni- 
toring of all inputs and out- 
puts. (This would also be 
necessary in the future when 


an automatic monitoring sys- ° 


tem is installed.) 

3. Control of output level on all 
channels, 

4. Complete facilities for han- 
dling remote pickups includ- 
ing equalizers, VU metering 
and loudspeaker monitoring. 

5. Three echo chamber facili- 
ties. 

6. Complete jack field arrange- 
ment so that any part of the 
system is available on a 
patching basis. This includes 
enough jacks space for all re- 
motes, normally as many as 
60. 

In addition to the aforementioned 
requirements, the switching system 
must be one whereby studios or in- 
puts can be preset and put on air 
either at master control or from the 


In order to effect local station 
breaks easily, some means for ac- 
cess to the output channel is neces- 
sary from any studio control reom 
and announce booth, With all these 
controls a comprehensive tally light 
system is essential. The physical 
layout of the master control room in 
New York was such as to accommo- 
date eight standard audio racks 
with one being allocated for tele- 
phone company private line equip- 
ment, Thus all switching and jack 
panel equipment would be included 
in seven racks. Additional racks 
containing the bulk of the amplifiers 
would be installed in the equipment 
room located directly beneath the 
master control room and immedi- 
ately adjacent to the maintenance 
shop. 

Basically that summarized the 
master control problem. For the 
studio facilities, we should like to 
have basic consoles and racks to 
satisfy all operational problems in 
AM broadcasting, plus the control 
circuit keys and preset and on-air 
indicators necessary to operate the 
master control switching system. 


Microphone Positions 


To begin with, the size of the 
studio would determine the num- 
ber of microphone positions and 
faders with the largest requiring 
seven inputs plus an announce posi- 
tion separate from the studio mixer 
bus. 

This announce position is to be 
included on all consoles large and 
small. The studio mixer bus is to be 
controlled by a sub-master fader to 
permit fading from a studio set-up 
to announce, nemo, or turntable 
without disturbing the studio mixer 
balance. On the console, in addition 
to microphone inputs, there must be 
a turntable mixer and a nemo mixer 


on-air studio at master control’s with four sources at a —16 VU level 
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Fig. 4: Fourth floor contains three studios, Control rooms are oversize for future TV equipment 


ABC AUDIO INSTALLATION (Continued) 


Fig. 5: Studio 1A control room below gallery 


For the Los Angeles consoles, a 
separate mixer for control of Ampex 
tape machine outputs was required, 
much the same as the turntable out- 
put is controlled. 

The other necessary items are 
monitor loudspeaker gain control, 
the master fader or main gain con- 
trol, and a cue selector switch for 
listening to local or network 
program cues. These items are all 
those absolutely necessary for the 
production of any program. Then, in 
addition, are those special effects 
facilities inherent to the production 
of the more elaborate shows. These 
are: 1. The echo facility which in 
the studio consists only of the echo 
fader or mixer on the console, and 
patching jacks for insertion of echo 


¢ 

to either one microphone output or 
on the-overall program. 2. A filter 
for telephone effects and the like 
again used on a patching basis with 
the key for “filter in” and “filter 
out” on the console, 3, A utility key 
with three inputs and one output also 
located in the console. 


Console Components 


Physically, therefore, the console 
consists of operating mixer controls, 
special effects controls, master con- 
trol switching functions, and the VU 
level meter. The remaining studio 
equipment is to be installed in the 
rack, including all the necessary 
patching jacks so that all parts of 
the circuit can be made readily 
available. 

The final item was the equipment 
for use in two announce booths, the 
first a regularly used booth for in- 
sertion of local station break an- 
nouncements, and the other to be 
available on a flash basis located in 
the news room for flash news events 
use, 

To fill ABC’s Studio Audio re- 
quirements, six models of a custom 
console design were built. These 
custom built consoles were used in 
the New York and Hollywood in- 
stallation. The Chicago require- 
ments were met by modifications to 
General Electric’s type BC-11-A 
console, The general design of the 
Studio Audio systems were such 
that only the necessary operating 
controls were mounted on the con- 
sole with all necessary amplifiers, 
power supplies, and jack fields, etc., 
mounted in a cabinet rack. 

All amplifiers and power supplies 
used in the Studio Audio systems 
were General Electric broadcast 


Fig. 6: (I) Rear view of 12-station push-button switch, Fig. 7: (r) End view of master contro! switch. Lock-in solenoids prevent accidental release 


plug-in types and required no spe- 
clal engineering. The custom con. 
soles of which six different varia. 
tions were built, were designed to 
fill our express needs. The major 
difference in the various models was 
the extent of mixing facilities. These 
varied from four mixer positions on 
the smaller consoles to twelve posi- 
tions with sub-master controls on 
the large consoles. In addition to the 
mixer and gain controls, each con- 
sole included all the special features 
desired by ABC. Each console also 
included a program output key 
which permits feeding the audio 
output to Master Control by either 
the normal program bus circuits or 
by the “break-in” circuit. In addi- 
tion, both “Preset” and “On Air” 
lamps and a Release Key were pro- 
vided which operate in conjunction 
with the Master Control Switching 
System. 


14 Rack Cabinets 


With these requirements in mind, 
the design of the Master Control 
System was undertaken by GE. It 
was felt that a system designed 
around their stock broadcast items 
would be desirable, reducing the 
required engineering time. It would 
also help expedite delivery of the 
system. A system was arrived at 
which would be contained in 14 rack 
cabinets; of these, eight cabinets 
would be located in the control 
room proper and the balance of the 
equipment would be installed in an 
adjacent equipment room. 

The eight racks located in Master 
Control contained the Output 
Switching System, all the patching 
facilities, equalizers, and the neces- 
sary program amplifiers. The neces- 
sary monitoring amplifiers, echo 
chamber amplifiers and “Break-in” 

(Continued on page 112) 
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Page from an Engineer's Notebook 


No. 21 — Design Boners: I! 


By JOHN H,. WYMAN, Chief Project Engineer 
Bendix Aviation Corp., Eatontown, N., J. 


BEAM TUBES IN DC PLATE 
CIRCUITS: Beam power tubes are 
frequently used in servo circuits as 
shown in Fig. 1, Under conditions of 
heavy grid drive the instantaneous 
value of the voltage at the plate 
varies as in Fig. 2, with respect to 
the constant screen voltage. Under 
these conditions the peak screen cur- 
rent can attain a very high value 
which often damages the screen by 
overheating. While the tube is used 
in the circuit exactly as in an audio 
amplifier, the condition of continuous 
drive over rather long periods of 
time will cause damage to the screen 
where the intermittent signals en- 
countered in audio work will not. 
The cure here is simple—a screen 
resistor should be added as in Fig. 3. 

The value of resistance should: be 
chosen so that under maximum con- 
ditions with full drive the maximum 
allowable screen dissipation is not 
exceeded. Depending on voltage on 
the screen between 2,000 to 10,000 
ohms for R, should suffice. 


+ 


Fig. 1: Beam power tube in servo circuit 


drive is heavy. Low RG reduces phase shift 


| Mig. 3: Resistor RSC prevents damage when grid 
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BEAM TUBES IN AC PLATE 
CIRCUITS: A similar difficulty is 
often experienced when using a 
beam tube in a phase discriminator 
circuit similar to that shown in Fig. 
1, except that ae is used on the plate 
and screen. 

The condition shown in Fig. 4 
then obtains. Under this condition 
the screen grid is heated sufficiently 
to emit electrons by the heavy 
currents during the positive half cy- 
cle and then during the negative 
half cycle when the control grid is 
positive with respect to the screen 
these emitted electrons flow to the 
grid and return through the external 
grid circuit to the cathode. In so do- 
ing they are of such a polarity as to 
further increase the bias on the tube 
and reduce the useful output of the 
tube, 

Phase shift in the inductance in 
the plate circuit which, for clarity, 
has been disregarded almost always 
complicated the picture further. The 
cure or cures here are to use a 


Fig, 2: Beam power conditions under heavy drive 


Fig. 4: Conditions from use of beam tuhe in 
phase discriminator with ac on plate and screen 


THIS COULD HAPPEN TO YOU! 
Courtesy Eitel-McCullough 


screen resistor as in Fig. 3, and to 
keep the grid #1 Resistance Rg as 
low as possible; preferably under 
100,000 ohms. 

Dependance upon special charac- 
teristics of a tube which are not 
closely controlled is another fre- 
quent misapplication. Circuits de- 
signed to be critical as to cut off 
conditions should be avoided or al- 
lowances made for the wider varia- 
tion that occurs in this area. 


THYRATRONS: Small thyratrons 
like the 2050 are practically zero im- 
pedance devices which will attempt 
to pass any current that the external 
circuit will admit. But these tubes 
only have a finite safe cathode cur- 
rent. Many applications of thyra- 
trons to operate relays in ac circuits 
ignore this as in Fig. 5. Here the 
capacitor impedarce is essentially 
zero at the beginning of each cycle 
and a very high peak current flows 
damaging the cathode. A tube in this 
curcuit might well fail in 100 to 200 
hours. A cure is a resistor (shown 
dotted in Fig. 5) of sufficient value 
to reduce this peak current to well 
under the maximum noted. 

For the sake of clarity, some minor 
second order effects have been ig- 
nored in the accompanying illustra- 
tions. 


Fig. 
tron 


Conductance Curves Speed }f 


Flexible circuit design technique gaining wide- 
spread use. Dynamic information more readily 
available with conductance curves than char- 
acteristics normally provided with vacuum tubes 
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4 o design of pentode amplifiers 

differs from the design of triode 
amplifiers in two major respects. The 
first of these is the availability of an 
additional parameter, the screen 
voltage. The second is the reduced 
effect of plate conductance which re- 
sults from the presence of the screen 
grid in the tube. 

Examination of the conventional 
plate characteristic curves for pen- 
tode tubes shows that over the nor- 
mally used range the constant bias 
contours are nearly horizontal (Fig. 
1). This nearly horizontal part of the 

. contour presents relatively little in- 
formation on the tube beyond that 
contained in any one point on the 
horizontal portion of the contour. 


The variations of the plate current 
and also the transconductance, al- 
though slow as a function of the 
plate voltage, are rapid with respect 
to the screen voltage. Consequently 
a plot of the bias contours and trans- 
conductance contours as a function 
of plate current and screen voltage 
makes available design information 
over a much wider range of para- 
meters than is available in the con- 
ventional pentode plate characteris- 
tics curves, A set of screen 
characteristic curves is shown in 
Fig. 2. 


Basic Design Technique 


The plate current equation for the 
pentode electron tube may have two 
more terms than the equation for the 
triode. These terms involve the mu- 
tual effect of the screen and sup- 
pressor on the plate current. 

i, = Gua Cor + Gute Coo + 

Gus Cos + Gp ey (1) 
In cases where the voltages on the 
screen and suppressor are held fixed 
with respect to the cathode, the 
screen and suppressor terms may be 
disregarded. The pentode amplifica- 
tion equation then reduces to the 


Fig. 1: Conventional plate characteristic curves for a typical pentode tube 
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same equation as for the triode, 
VA == — Gy Ry / (1 +- Gp R,) (2) 
The area of the plate characteristics 
curves normally used in pentode cir- 
cuit design is the area where the grid 
contours are nearly horizontal. If the 
design is such that the slope of the 
dynamic load line is appreciably 
greater in magnitude than the slope 
of the bias contours on the plate 
characteristics curves, then the 
Gp R, term in the denominator of 
Eq. (2) may be neglected. In most 
design problems encountered in 
practice, this condition exists. The 
assumption that Gp R, may be ne- 
glected usually is a preliminary step 
in the design calculation. 

The equivalent circuit of an elec- 
tron tube usually is used in the ex- 
planation of operation and the deri- 
vation of operating equations of both 
triode and pentode amplifiers. Use 
of an equivalent circuit has two ma- 
jor drawbacks, The first of these is 
the failure to impart to the student 
or user a clear physical picture of 
tube operation. The second is the 
need for different equivalent circuits 
for triode circuits and pentode cir- 
cuits, rendering the interrelation of 
the equations for the two types of 
circuits somewhat unsatisfactory. 

Reference in derivation to the plate 
current stream and to the factors di- 
rectly influencing the plate current 
provides a readily understandable 
picture of tube functioning. Eq. (2), 
which is based on the plate current 
stream approach, is in a form that is 
applicable to both triodes and to 
pentodes, whether the mode of op- 
eration approaches a constant volt- 
age, a constant current, or an inter- 
mediate condition. 


Design Procedure 


Because of the availability of the 
screen voltage of the pentode as an 
additional active parameter, the 
pentode circuit design procedure dif- 
fers from the triode design proce- 
dure. The first step in pentode circuit 
design is to determine the range of 
bias over which the grid must vary 
in the problem in question. Since the 
tube only recognizes a change in bias 
with respect to its cathode, the grid 
voltage change with respect to the 
cathode is the one of interest. The 
second step is to set a limit upon the 
amount of distortion which may be 
tolerated in the tube. The third step 
is to select the screen voltage re- 
quired to provide amplification of the 
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entode R-C Amplifier Design 


desired signal voltage within the 
chosen limits on distortion. 

Design experience indicates that in 
the design of any pentode amplifier, 
the screen voltage for the tube 
should be chosen at as low a value 
as is consistent with distortion, fre- 
quency response, and/or power out- 
put requirements, Depending on the 
intended application of the amplifier, 
any one or group of these require- 
ments may prove to be the controll- 
ing factors. Verification of this prin- 
ciple is an interesting exercise which 
requires one to set up a series of 
typical designs at different screen 
voltages. 

The load line required with the 
screen characteristics curves of Fig. 
2 is normally a vertical line drawn 
at the chosen screen voltage. Values 
of transconductance at the different 
bias contours on this vertical load 
line may be interpolated at each de- 
sired bias point. 

_Distortion may be determined from 
the values of transconductance read 
at the various bias lines. For the 
case of predominate second har- 


FOR A DESCRIPTION of the applica- 
tion of the conductance curve technique 
fo the design of triode R-C amplifiers, see 
the May 1953 issue of TELE-TECH & 
ELECTRONIC INDUSTRIES, page 80. Also, 
“Using G Curves in Tube Circuit Design," 
duly-August 1949; “The Use of Conduc- 
fonce Curves for Pentode Circuit Design," 
Nov. 1950; and “Notes on UHF Oscilla- 
for Design,” Feb, 1953. 


monic, the equation takes the form 
D == 25 (Gyu-max aan Gy-min) / 

(Gyg-max + Grs-min) (3) 
Actually distortion in a pentode am- 
plifier is less than the value given by 
Ey. (3). The effect of the small slope 
of the plate characteristics curves is 
fo reduce the actual distortion to 
possibly three-quarters of the cal- 
culated value. Consequently, Eq. (3) 
will normally provide an adequate 
safety margin. 

The choice of the proper pentode 
plate voltage for an R-C amplifier is 
based on the load voltage developed 
at zero bias and the selected screen 
Voltage. The plate voltage of the tube 
at zero bias should not be less than 
four-fifths of the screen voltage 
thosen, The total voltage developed 
&cross the load resistance may be 
added to the minimum allowed plate 
Voltage to obtain the supply voltage. 
Where the. supply voltage is exces- 
Sive, the voltage may be reduced by 


‘8 decoupling network consisting of 
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Fig. 2: Screen characteristic curves for 6AK5. Corrector for current and G.. variations at upper left 


the proper size voltage reduction re- 
sistor and a bypass capacitor. 
Correction curves may be provided 
for making adjustments for the small 
variation of plate current and trans- 
conductance which result from vari- 
ations of plate voltage with fixed 
screen voltage. The screen charac- 
teristics curves included in Fig. 2 
are based on a plate voltage which 
is twice the screen voltage. The vari- 
ation of plate and screen current and 
transconductance as a function of 
E,/E,, is indicated on Fig. 2 in the 
upper left hand corner. If the value 
of X, at the plate-screen voltage 
ratio required is multiplied by the 
transconductance or the plate current 
at the screen voltage and bias under 
consideration, the corrected values 
of transconductance or plate current 


will be obtained. 

The curve for X,, against E,/E,, 
also plotted on Fig. 2 gives the cor- 
rection factor required to convert the 
plate current into the corresponding 
value of screen current at any de- 
sired plate-screen voltage ratio. This 
parameter is useful in estimating the 
screen current when choosing the 
proper voltage reducing resistor for 
the screen circuit. 


Examples 


As an example of pentode design, 
assume that a resistance coupled 
pentode amplifier is desired which 
will amplify a signal of +1 v. with 
not more than 10% distortion. The 
available plate supply voltage is 
300 v. The 6AK5 tube has been 


45 . 


Conductance Curves (Continued) 


chosen as the pentode to be used 
(curves in Fig. 2). Distortion as a 
function of screen voltage for the 
6AK5 tube with a one volt signal is 
tabulated in Table I. 


TABLE | 
Screen voltage: 


50 75 85 90 100 125 
Distortion— % : 
17.2 11.5 95 8.6 7.5 7.3 


At the 125-v. screen voltage, a mini- 
mum fixed bias of 2 v. is required. 
For the other screen voltage values 
the minimum fixed bias is 1 v. 

' Examination of Table I shows that. 
the minimum screen voltage which 
meets distortion requirements is 
about 85 v. An adequate margin of 
safety should be available at either 
E,, = 85 v. or E,, = 90 v. 

Since experience indicates that the 
use of the lowest screen voltage 
which will meet design requirements 
with a tolerance margin is the best 
sereen voltage choice, either 85 or 
90 volts might be chosen in this 
problem. Choosing 90 v. for the 
sereen, the lowest allowed plate volt- 
age would be about 75 v. Thus, 225 v. 
must be developed at 15 ma across 
the plate load resistance at zero bias. 
The required plate load resistance of 


15,000 ohms produces a stage ampli- 
fication of about 85. Since the 6AK5 
screen current is approximately 
three-tenths of the plate current, the 
screen voltage reducing resistor has 
approximately 82,000 ohms resistance 
(voltage loss divided by static screen 
current). The total average cathode 
current would be slightly more than 
10.4 ma. Consequently, a 100-ohm 
cathode resistor would produce the 
required volt bias. 


Minimum Screen Voltage 


The advantage of use of minimum 
possible screen voltage for an ampli- 
fier becomes apparent very quickly 
if one makes a series of amplifier 
designs at different screen voltages. 
The voltage amplification, the ele- 
ment power dissipations, and the 
power output should all be calcu- 
lated. The available output voltage 
is greatest with minimum screen 
voltage in audio type resistance 
coupled amplifiers. Power output 
may rise slowly at first, but quickly 
reaches a maximum and begins to 
decrease as the screen voltage is 
raised from the minimum satisfac- 
tory value, A set of calculations of 


corresponding designs at a series pi ‘ 


screen voltages gives one an excel. 
lent feel for the characteristics of g 
given tube. Such a set of calculations 
gives one in but a few minutes a fee] 
of a tube’s characteristics which can 
be duplicated only by many hours 
of experimental testing. 

The design of a video amplifier 
presents a somewhat different prob- 


lem than the design of a conven- | 


tional audio amplifier. Basically, the 
difference results from the limitation 
on the load resistance which js 
caused by frequency response re- 
quirements. The primary result of 
the reduced load resistance is the 
comparatively small plate supply 
voltage required. As in the standard 
pentode amplifier, the lowest screen 
voltage which will meet distortion 
and power requirements is chosen. 
Then the plate supply voltage is 
chosen so that the zero bias plate 
voltage is approximately 80% of the 
screen voltage. 

Assume, for the video amplifier 
problem, that the input grid voltage 
available is +1 v., and the maximum 
permitted distortion is 8%. Fre- 
quency response requirements may 
be assumed to limit the plate load re- 
sistance value to 2,000 ohms. Under 
the conditions just listed, a video 

(Continued on page 86) 


Fig. 3: Screen characteristic curves for 6AG7. Curves at upper left correct for variations of plate and screen current and Gm as function of Ep/Eca 
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NN the study of antennas, a char- 
Zacteristic of prime interest is the 
fadiation pattern measured when 
the antenna is radiating into free 
space. With many small microwave 
aitennas it is feasible to measure 
far-field” patterns at fairly short 

ces and therefore it is con- 
venient to work indoors. This is only 

ble if reflections from walls, 

and ceiling do not appreciably 
oe the free space conditions. 

it is desirable to construct a 
special chamber whose inside sur- 
faces are coated with non-reflecting 
Material and which contains a mini- 
ftum of antenna mounting structure. 
‘The construction of such an 

oic chamber or darkroom has 
been held up by the lack of suitable 
sorbing material. A good material 
hould reflect only a small percent- 
ie of the incident power over .a 
ide range of frequency and of 
iigle of incidence for any polar- 
Wation. In addition, it should be 
htweight, easily mounted, and 
flatively low in cost. A material 
With these characteristics has been 
(signed at the Naval Research 
boratory and is now being manu- 
commercially. Using this 
ial, an anechoic chamber has 
n built and has proven very use- 
f lover the entire microwave region. 


Tattured 
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fig. 1: (I) Arch apparatus for free-space measurements in the 2,500 to 25,000 MC range. Fig. 2: (r) Flat and pyramid type absorbing materials 


‘Anechoic Chamber for 


New broadband absorbing material proves val- 
_ vable measurement aid in recording antenna 
radiation patterns in 2,500 to 25,000 MC region 


By ALAN J. SIMMONS & WILLIAM H. EMERSON 
Naval Research Laboratory, Washington 25, D. C. 


\ 


Design and Development: Radio 
frequency energy propagating in 
free space may be effectively ab- 
sorbed by passing it into a dissipa- 
tive medium so designed as to reflect 
only a small amount of the incident 
energy. This medium should have 
relatively low dielectric constant to 
facilitate impedance matching to 
free space and yet have as high a 
value of attenuation as is consistent 
with the low dielectric constant in 
order to reduce the required thick- 


Microwaves 


ness of the medium. These charac- 
teristics suggest the use of a resistive 
expanded material for this purpose. 
In-the course of deyelopment, vari- 
ous types were evaluated. 

On the basis of cost and perform- 
ance the material chosen for a prac- 
tical absorber was one made by im- 
pregnating a commercially available 
mat of curled animal hair with a 
mixture of conducting carbon black 
in neoprene to provide conduction 
less, The hair material is widely 
used for packing and upholstering 
purposes because of its resiliency 
and light weight. It is also well 
suited for use as an expanded frame- 
work for supporting the dissipative 
material because of its large per- 
centage volume of air (approxi- 
mately 96%) and the relatively 
large total surface area provided by 
the great quantity of hairs. The lossy 
rubber is applied by either spraying 
or dipping. This process coats the 


Fig. 3: Specular reflection-frequency characteristic for flat and pyramid materials 
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Anechoic Chamber (Continued) 


individual hairs with a thin film 
of lossy material. Measurements 
showed that this conducting layer 
has a resistivity of approximately 
8 ohm-cm and at 3000 mc a dielec- 
tric constant of about 50, with a 
loss tangent of about 1.4. 

Reflections from the air-material 
interface may be minimized over a 
wide frequency range by either 
geometrical shaping of the front sur- 
face or by distributing the loss with 
depth. In using the first method, the 
top surface of the treated hair mate- 
rial was cut into a series of pyra- 
mids of equal height. While it was 
shown experimentally that other 
shapes such as cones and wedges 
were similarly effective, these were 
less desirable from the standpoint 
of fabrication. In using the second 
method, the top surface was left flat 
and the amount of conducting rub- 
ber applied to the hair was increased 
gradually with depth in the material 
from a low value at the front face 
to a large amount at the back. The 
air-to-material transition was also 
aided here by the rough, uneven 
nature of the hair surface. Both 
these methods may be considered as 
utilizing lossy tapered sections to 
transform impedance from that of 
free space to that of the medium. As 
frequency is increased, both meth- 
ods were found experimentally to 
start reducing reflection in the re- 
gion where the length of taper is a 
quarter wavelength long in air and 
to continue to improve in effective- 
ness as the electrical length of taper 
increases. 


Experimental Results 


Experiments were performed to 
determine empirically the influence 
of factors such as density of hair, 
type of carbon black, amount of 
distribution of loss, and size and 
shape of pyramids. Application of 
the results of these experiments 
demonstrated that it was possible to 
design both flat and pyramid types 
of absorbers which would meet 
the requirements for the anechoic 
chamber. 

Experimental development and 
small scale production of these ab- 
sorber types was carried out at the 
Naval Research Lab pilot plant un- 
der the direction of H. A. Tanner of 
the Chemistry Div. 

Measurement Techniques: Fig. 1 
shows a diagram of the apparatus 
used to make free space measure- 
ments in the frequency range of 


2,500 to 25,000 mc. The arch allows — 


convenient variation of the angle of 
incidence and polarization of the 
radiation. Transmitted energy is re- 
flected from a metal plate to a re- 
ceiving horn. A comparison of the 
amount of energy reflected from the 
metal plate with that detected when 
the plate is covered by an absorber 
allows a determination of the per- 
centage of incident power reflected 
by the material. 


Enclosed System 


At frequencies below 3000 mc a 
completely enclosed system is used 
to measure the performance. In this 
case a sample of the material to be 
evaluated is mounted at the end of 
a shorted section of special coaxial 
transmission line. A measurement 
of VSWR in the line is used to de- 
termine the ratio of reflected to 
incident power. 

There is reasonable agreement 
between these two methods of meas- 
urement in the frequency range of 
overlap. 

Characteristics of 


Commercial — 


Fig. 5: Rotating antenna mount installed in anechoic chamber. Klystron rotates with antenna 


~. S & 

Ca ee 
VT Os aes aS | Lt 
== == 


an 
ie Dee Be Se 


~ 2s 2S 


Nh SS |S 


PERCENT POWER REFLECTED 


as on +. oS 
ie gi OS 
> 
ae em 
ww 
== ro 
“ 


2 
= 44-4 — + 4 
er wo 0 were 0 0 
ANGLE OF INCIDENCE 


Fig. 4: Perfor incid characteristics 


Materials: Since Jan. 1952 the 
Sponge Rubber Products Co. of 
Shelton, Conn. has manufactured 
considerable quantities of both flat 
and pyramid materials. Fig. 2 shows 
a cross-section view of both types. 
The commercial pyramid material 
which was used in the Naval Re- 
search Lab. darkroom is about 3-%4 


in. thick, including the pyramids 
which are 2-4 in. high and 3 in. wide. 
It weighs approximately 1.4 lbs./sq. 
ft, The flat material is somewhat 
thinner and more flexible than the 
pyramid type. It is about 2 in. thick 
and weighs about 0.4 lbs./sq. ft. 

Fig. 3 is a plot of specular reflec- 
tion vs. frequency at angles near 
normal incidence for both types of 
materials, It is seen that perform- 
ance is similar for both types at fre- 
quencies above 1500 mc, but as a 
result of greater thickness and dissi- 
pation, the pyramid material is 
somewhat better at lower frequen- 
cies. The energy reflected from: these 
materials as compared to incident 
energy is about 20 db down at 10 
em, 25 db down at 3.2 cm, and 30 
db down at 1.2 cm for radiation at 
normal incidence. The high fre- 
quency limit of effectiveness has not 
been determined on these materials. 
Measurements made at a wavelength 
of 5 mm indicates that the perform- 
ance of these materials is still con- 
tinuing to improve. Above 2500 mc 
the reflection from both materials is 
essentially the same whether they 
are backed by a conducting sheet or 
left open circuited. 
Fig. 4 shows how performance 


varies with angle of incidence and 
polarization for specular reflection. 
It is seen that the reflection is some- 
what similar for both polarizations 
and that these materials are effec- 
tive over a wider range of angles of 
incidence at smaller wavelengths. 
Both flat and pyramid types are 
similar in respect to performance at 
various angles for’ the wavelengths 
shown. 


Low Reflection 


It has been established that it is 
the intrinsic absorbing property of 
the material, rather than the scat- 
tering of the incident energy over a 
wide solid angle, that leads to the 
low reflection which is observed. 
This was determined by comparing 
free space measurements where only 
the specularly reflected energy is 
detected with those made with the 
material in a closed horn where 
scattered energy is added to that 
directly reflected. No increase in 
reflected energy was found in the 
latter case. 

Measurements were also made to 
determine the upper limit of power- 
handling ability of these materials. 
It was found at 1300 mc that both 


flat and pyramidal types could dis- 
sipate as much as one watt per 
square inch, and that at this power 
level the temperature of the hair is 
around 200°F. 

While these materials were de- 
signed primarily for indoor use, 
they have been found to have suffi- 
ciently stable characteristics to 
withstand considerable exposure to 
rain and sun. This stability was well 
demonstrated by one sample which 
was kept under water in the Poto- 
mac River for 10 weeks. Upon re- 
moval and drying, the reflection , 
from it was found to have changed 
by less than 3 db at 5 test frequen- 
cies above 2500 mc. Other samples 
which were left exposed to the 
weather for 11 weeks showed less 
than 4 db variation in reflection 
above 2500 mc. Samples of both 
types were also measured directly 
after withdrawal from a tank of 
water to determine the effects of 
wetness. Here the pyramid material 
was found to return to within 3 db 
of original performance within 30 
seconds whereas the flat material 
continued to show considerable re- 
flection until natural drainage and 
evaporation removed large drops of 

(Continued on page 100) 


Fig. 6: (I) Patterns of 8-inch paraboloid, } = 3.2 cm. Fig. 7: (r) Patterns of 17.5-inch paraboloid, 1 = 10 cm 
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BROADCASTERS 


Practical ways ef improving station operation and efficiency 


Amplifier Modification 
GEORGE F. SPRAGUE, 
WIOD, Miami, Fla. 
TATIONS using the Langevin 
119-A Progar amplifier may be 
interested in the following modifica- 
tion. We have used this equipment 


for some time and find it extremely . 


satisfactory. Occasionally, however, a 
heavy transient peak will operate 
the guardian circuit to such a de- 
gree that the audio level will be 
reduced 20 or 25 db below normal, 
where it will remain for the dura- 
tion of the “guardian action wait 
time” (in our case, 6 seconds). This 
can occur when the microphone 
is hit accidently, when someone 
coughs, or during the presence of 
heavy transient program line noise 
such as would occur during electri- 
cal storms. This same effect can also 
result from short power failures. If 
the power stays off long enough for 
the de power supply voltage to fall 
below a certain value, the guardian 
circuit drops the audio level to an 
extremely low value, after the 
power returns, and remains there 
for the duration of the “guardian 
action wait time.” 

To minimize effect of this action, 
the circuit was modified as shown 
in the diagram. In the normal cir- 
cuit, the two diodes of V13 are con- 
nected in parallel. It was found that 
disconnecting one of the diodes had 
no noticeable effect on the “guard- 
ian increase limit” action. This 


$$$ FOR YOUR IDEAS 


Readers are invited to contribute their 
own suzcestions which should be short 
and include photographs or rough 
sketches. Typewritten, double-spaced 
text is requested. Our usual rates will 
be paid for material used. 


spare diode was connected in a 
clamp circuit giving us, in effect, a 
“guardian decrease limit” control. 
Instead of clamping the guardian 
voltage only ata positive value, it 
is also clamped at a negative limit 
with this modification. RI becomes 
the “guardian decrease” control. It 
is a midget type control and is 
mounted below the input attenuator 
so that it can be adjusted from the 
rear of the amplifier unit. We have 
set Rl so that the maximum 
“suardian decrease limit” is —5 db 
and the “guardian increase limit” 
control has been set at +5 db. This 
results in a net range of 10 db 
which, we have found, is more 
than sufficient for our operating 
conditions. 

Operation is as follows. In the 
case of a heavy peak, the guardian 
circuit is reduced to the predeter- 
mined level of —5 db instead of to a 
subnormally low level, and the 
peak is suppressed by the limiter 
circuit. In the event of a power fail- 
ure of short duration, the guardian 
circuit returns to a level of —5 db, 


Spare diode in “‘Progar” provides guardian decrease limit control 
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as soon as the power supply voltage 
returns to a normal value, instead of 
returning to a value of —20 or —25 
db which previously occurred. Thus, 
the level is only 5 db below normal 
for the duration of the “guardian 
action wait time” instead of the sub- 
normally low levels previously en- 
countered. 


; Econemical and Accurate 


Tape Editing Device 
GEORGE PYLE, Engineering 
Supervisor, WMBD, Peoria, Ill. 
UTTING tape at the correct 
point when editing can be diffi- 
cult. This is especially true when 
the spacing between desired and 
undesired portions is very short. 
The tape can be marked with a 
grease pencil, but this method is 
awkward and time consuming. Since 
the cost of professional equipment 
designed for editing is generally be- 
yond the means of the average small 
station, the writer designed and con- 
structed a simple device which has 
proved useful in improving both 
speed and accuracy in editing work. 

Although this unit was designed 
for use on a Magnecorder, it can be 
adapted for use on other machines. 
The photo shows the device at- 
tached to a machine setup for edit- 
ing work. Construction details are 
shown in the drawing. 

In operation, the idea is to run 
the tape until you hear the spot 
where a cut is desired. Keep ten- 
sion on the tape by grasping the 
supply reel to stop tape motion and 
press the plunger to punch a small 
marking hole in the tape. Stop the 
machine and break the tape an inch 
or so to the left of the mark. Then 
run the tape to the next pickup 
point and mark it again. The dis- 
tance between the punch mark in 
the tape and the center of the play- 
back head will always be the same. 
Take any standard splicing block 
and file a small notch to the right 
of the cutting slot the same distance 
as that between the center of the 
playback head and the mark on the 
tape. a 

Now, lay the two tape ends on 


the splicing block, line up the two . 


punch marks with the notch, cut, 
splice and trim in the usual man- 
ner. The important thing to remem- 
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Arrow points to tape marker plunger mounted on Magnecorder 


ber is to press the marker immedi- 
ately after hearing the last word or 
musical note that you desire to 
save, then punch it again just be- 
fore the next desired portion 
crosses the playback head or just 
after the last word of an undesired 
portion crosses the head. After a 
little practice, the entire operation 
can be performed with ease. 


Feeding P. A. Amplifier 


' from Remote Amplifier 


« 


OLAF N. GABRIELSON, Chief 
Engineer, KFGO, Fargo, N. D. 
N occasion, it is necessary to use 
a high impedance input public 
address system in conjunction with a 
remote broadcast. To eliminate the 
need for extra mikes and riding 
gain on both PA and the remote 
amplifier, a small unit can be used 
to bridge the output of the remote 
amplifier and provide remote con- 
trol of the PA gain. This can be 
plugged into either the microphone 
or turntable input on the PA. It can 
also be used in the studio for emer- 
gency monitoring or tape recording 
with a high impedance input 
amplifier. 
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Construction details of tape marker 
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Increasing Flexibility 
of Remote Amplifier 


R. S. HOUSTON, E. C. Page Consult- 
ants, 600 Bond Bldg., Wash. 5, D. C. 


HERE are today several makes of 

remote amplifiers having provi- 
sions for feeding an external P.A. 
amplifier from the mixer bus of the 
broadcast amplifier. However, there 
arise occasions when mikes are 
needed on the. P.A. system inde- 
pendent of the air microphones for 
announcements to the crowds. . 
’ To handle any contingency that 
might arise in this direction, the 
mixer of a commercial remote am- 
plifier was modified with the follow- 
ing changes. The amplifier was of 
the high level mixing type, and had 


Needle in brass plunger cues tape for cuts 


complish this change, the mixing 
circuit was made high impedance 
by removing the output transform- 
ers from the pre-amps and substi- 
tuting a resistance coupled circuit. 
The input transformer was re- 
moved from the program amplifier 
also, and it was coupled directly to 
the mixer as shown in the diagram. 
The four low impedance faders 
were replaced with 20,000 ohm fad- 
ers with 3 db steps. The input con- 
tact on these four faders was paral- 
leled .to the input on four similar 
faders which comprise the P.A. 
mixer. The output of all faders goes 
through a % meg resistor for isola- 
tion. This prevents any fader which 
is in the “off” position from shorting 
out the mixer bus. 
(Continued on page 86) 
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Design of Cathode Followers 


Here’s how fo design this type of circuit with mini- 
mum of effort. Take advantage of the cathode-loaded 
amplifier’s high input and low output impedances 


By ROBERT L. WHITTLE 


Georgia Institute of Technology, Atlanta, Ga. 


N recent years the cathode-loaded 

amplifier, or cathode follower, has 
been frequently used in electronic 
circuit designs because of its con- 
venient characteristics. The basic 
cathode follower circuit shown in 
Fig. 1 is characterized by its high in- 
put impedance (up to several. meg- 
ohms), and its relatively low output 
impedance (100 to 1,000 ohms for 
typical tubes). 

The input impedance is equal to 


R, in parallel with the input capacity 


of the tube. This input capacity is 
less than for a conventional ampli- 
fier using the same tube, being: 
Cyn = Cyy + Cy (1 — A) 

where A is the ratio e,/e,. 

The voltage gain is approximately 
given by: 

G, Ry 


“ G, R, +1 
For a tube having a u of 10 or greater 
the approximation is very close. 
The output impedance is r,/(u+1), 


_ 


E —— 


ER; 


Fi. 1: Cathode follower circuit ts characterized 
by high input and low output impedances 


where u>> 1 this impedance is very 
nearly equal to 1/G,,. The equivalent 
circuit is therefore that of a genera- 
tor of internal impedance, r,/(u+1), 
working into a load impedance R,. 
The open circuit voltage is e,°u/ 

(u-+-1), and therefore no voltage 
gain can be realized. A power gain 


is realized, however, due to the dif- 
ference of impedance levels at the 
input and output. 

Gpower = 10 log,, A? R,/R, db. 
The maximum power gain is realized 
when R, = r,/(u+1). 

It should be pointed out that the 
output impedance of the generator is 
independent of the value of R, ex- 
cept for the normal change of G,, as 
the bias voltage on the tube is 
changed. Thus wide-band frequency 
response may be obtained with large 
values of R, provided certain pre- 
cautions are not overlooked. In pulse 
work, when the grid is driven in a 
positive direction the capacity shunt- 
ing R, (heater to cathode capacity, 
strays, plus any capacity due to the 
following stage, etc.) is charged 
through the internal impedance of 
the cathode follower, i.e., 1/G,,. 


Cathode Load Rise 


Since the G,, of the tube generally 
increases as the grid is driven in a 
positive direction the rise across the 
cathode load is very fast. When the 
grid voltage is changing in a nega- 
tive direction, however, as on the 
trailing edge of positive pulse, the 
effective internal impedance of the 
generator increases because the volt- 
age at the cathode is held by the 
capacitance of the circuit. If the 
decay in voltage at the grid is fast 
enough the tube may be completely 
cut off, in which case the voltage at 
the cathode is exponential in form 
having a time constant of R, C,. 
This is the limiting factor which re- 
stricts the value of R, that can be 
used and becomes of increasing im- 
portance of very fast waveforms. A 
variation of the basic circuit that is 
sometimes used is shown in Fig. 2. 

The circuit has the same general 
characteristics as the basic circuit 
but the input impedance is not equal 
to R, in this case. An effective input 
impedance very much greater than 
R, can be realized if a value of R, is 
chosen such that A is near unity. 
The value of this impedance is 


row 


Fig. 2: Modified cathode follower has very high 
input impedance and is useful where long time 
constant is necessary in the coupling circuit 


R,, = R,/(1—A), or approximately 
R, 
Gu R, 
G,, Ry + 1 


1— 


When the bias resistor, R,, is not by- ~ 


passed the effective input impedance 
is approximately 
R, 
Gu R, 
Gn (Rp + R,) +1 
If the output is taken directly from 
the cathode the output impedance is 
still r,/(u+ 1). When the output is 
taken only across R,, the impedance 
is then r,/(u+ 1) +R,. The gain is 
also reduced by the factor R,/(R, + 
R,), being approximately 
Ga R, 
G, (Ry + R,) +1 

The very high input impedance of 
the circuit of Fig. 2 is useful where 
a long time constant is necessary in 
the coupling circuit. The value of the 
coupling capacitor may be much 
smaller than for the circuit of Fig. 
1, This circuit may be used to obtain 
a larger voltage swing at the output 
than can be obtained where the grid 
is at de ground potential. 

Prediction of the performance of a 
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tathode follower may be assisted by 
the construction of a set of curves 
similar to the E,—I, curves given 
in most tube manuals. The data 

in the E, — I, curves may be 
ysed for this construction.* 


Cathode Follower Curves 


For the cathode follower curves, 
yoltages are taken from grid to plate 
and from cathode to plate since the 
plate is held at a constant potential 
with respect to ground. An example 


of such a set of curves is given in ° 


Fig. 3, plotted for a parallel con- 
nected 6J6. The slope of each curve 
in this case is G,, instead of 1/r, as 
is the case for the conventional tube 
characteristic. The load line is con- 
structed in the usual manner with a 
slope of —1/R. For the example 
given the value of R, is 10,000 ohms 
and a plate supply of 200 volts is 
taken. The point A represents the 
quiescent operating point for the 
circuit of Fig. 1. This represents a 
de voltage at the cathode of 6 volts 
and a quiescent current of 0.6 ma. 
Maximum positive permissible out- 
put is at the point B where grid cur- 
rent starts to flow. This represents a 
maximum positive swing of 194 — 60 
=134 volts. Maximum negative 
swing is 6 volts. This would be satis- 
factory for a positive going pulse, 
but would be unsatisfactory for a 
negative pulse or sinusoid having a 
peak amplitude greater than 6 volts. 
To accommodate these waveforms 
adequately, the operating point 
should be shifted to the left by plac- 
ing a positive potential (with respect 
to ground) on the grid; thus reduc- 
ing the grid to plate voltage. Equal 
Positive and negative swings could 
be obtained by placing the operating 
‘point at C. By interpolation the grid 
to plate voltage is found to be 133 
Volts. This represents a grid to 
ground voltage of 200 —133=67 
volts. The cathode voltage to ground 
is then 200 — 130=70 volts and an 
cutput of 70 volts peak in either a 
Positive or negative direction may 
be obtained. The positive voltage for 
the grid may be obtained by return- 
ing the grid to a point on the cathode 
Tesistor as in Fig. 2. In this case the 
Tatio R,/(R, + R,) = 3/70. Since R, 
+R, = R, = 10,000 ohms, R,= 429 
ohms 


The same result could be achieved 
by returning R, in Fig. 1 to a source 
of +67 volts, a high impedance 
Voltage divider connected to the 
Plate supply is satisfactory. 

The points found graphically in 

manner can be computed to a 
tlose approximation by using the 
‘approximate line of grid current 
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Fig. 3: Cathode follower curves for parallel connected 636. Slope of each is G.. 


which is a line drawn from the origin 
with a slope of 1/r,. The approxima- 
tion results from the fact that r, 
changes with the operating point 
and an average value is used in the 
computation. 


Plate-to-Cathode Voltage 


Since the slope of the line con- 
necting the points at which grid cur- 
rent starts to flow is 1/r,, the plate- 
to-cathode voltage at which this 
occurs is given by: E,, (for grid cur- 
rent flow) = r, E,/(r, + R,), where 
E, is the plate supply voltage. The 
maximum peak-to-peak output that 
may be obtained for a given tube 
and R,, is then: 


chase rp + E, 
one Tp 
= B (1-7) 


For example’ given r, is approxi- 
mately 3,500 ohms, the maximum 
peak-to-peak voltage available is 


therefore: 
3,500 X 200 
a. 3,500 + 10,000 — 
200 — 52 = 148 volts 

From this the peak positive or nega- 
tive swing is 148/2 or 74 volts. The 
operating plate to cathode voltage 
for equal positive or negative output 
is E, — 74 or 126 volts. 

This plate-cathode voltage repre- 
sents a point mid-way between the 
grid current point and cut-off. At 
cut-off the grid-cathode voltage is 
— 6, and at the grid-current point 
this voltage is zero. If linearity is 
assumed, the mid-point bias on the 
tube is 3 volts. This represents a 
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grid-plate voltage of 126+ 3= 129 
volts. The grid-ground voltage is then 
200 — 129= 71 volts. 

In many cases the ease of compu- 
tation makes this method preferable 
to the graphical solution, and the re- 
sults are close enough for practical 
use. 


1. Shapiro, David L. “The Graphical Design of 
tan e-output Amplifiers,” Proc. I.R.E., May 


RTMA Fall Meeting 


The preliminary technical program 
of the RTMA-sponsored Radio Fall 
Meeting has been announced by 
Chairman Virgil M. Graham. It will 
be held on Oct. 26-28, 1953, at the 
King Edward Hotel, Toronto, Can- 
ada. Following is the tentative pro- 
gram outline: 

Monday Morning, Television In- 
terference Symposium (Sponsored 
by the RTMA Engineering Depart- 
ment); Monday Afternoon, Quality 
Control Session—J. R. Steen, Presid- 
ing (Sponsored by the IRE Profes- 
sional Group on Quality Control). 

Tuesday Morning, Television Ses- 
sion—I. J. Kaar, Presiding (Spon- 
sored by the IRE Professional Group 
on Broadcast & Television Re- 
ceivers); Tuesday Evening, Radio 
Fall Meeting Dinner (Sponsored by 
the RTMA of Canada). 

Wednesday Morning, Electron De- 
vices Session—L. S. Nergaard, Pre- 
siding (Sponsored by the IRE 
Professional Group on Electron De- 
vices); Wednesday Afternoon, Elec- 
tron Devices Session—George A. 
Esperson, Presiding (Sponsored by 
the IRE Professional Group on Elec- 
tron Devices). 
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Color Television—Its Status Today 


-: 1950, the FCC approved a field 
sequential system of color televi- 
sion. The principal objection to this 
system lay in the fact that it was not 
compatible to the system under 
which black and white television 
was operating, which meant that 
the 8,000,000 black and white receiv- 
ers then in American homes could 
not receive color broadcasts either 
in color or black and white, without 
extensive alterations and expense 
to the owner. 

The importance of that major 
shortcoming is evidenced and mag- 
nified by the fact that, today, the 
public has invested over $7-billion 
in some 25-million black and white 
receivers, that would not be able to 
receive such color broadcasts in 
black and white without such ex- 
pensive alterations. 

Obviously, the solution of the 
problem lay in the possibility of de- 
veloping an all electronic system that 
would be “compatible”—that is, a 
system that would make it possible 
for any and every black and white 
receiver in the home to receive fu- 
ture color broadcasts in black and 
white, without any alteration or ex- 
pense. 


National Television 
System Committee 

The development of this system 
was the task undertaken by the Na- 
tional Television System Committee, 
formed under the auspices of the 
Radio-Television Manufacturers As- 
sociation. 

It should be appreciated that in 
the development of the standards for 
a compatible color system the NTSC 
had the full and complete coopera- 
tion of the companies comprising 
our industry. The source of an idea 
was completely disregarded. The 
only question was—lIs this the best 
idea—Is this the best way to do the 
job? 

Ninety-one companies in the in- 
dustry contributed the skill and 
services of over 200 of its leading 
scientists and engineers toward the 
color assignment. One of the first 
actions of the NTSC was the naming 
of a five-man Ad Hoc Committee 
to determine whether a compatible 
Color television system could be 
evolved within the standard 6 M.c. 
band. While RCA in 1950 proposed 
and demonstrated a compatible sys- 
tem which would operate within the 
standard band, it was thought de- 
sirable to initiate a comprehensive 
analysis of the entire field to review 


Dr. W. R. G. BAKER'S RECENT ADDRESS 
to the 45th Annual Convention of the Na- 
tional Association of Electrical Distributors 
contained probably the outstanding sum- 
mary of the past, present and future of 
compatible color television, presented to date. 
Dr. Baker is vice president of the General 
Electric Co. and Chairman of the National 
Television System Committee and the RTMA 
Television Committee. Technical informa- 
tion describing the operation of the NTSC 
compatible color-TV system has been ex- 
cerpted from this address and is presented 
herewith, 


- 


existing material and thoroughly ex- 
plore new approaches to the problem. 

After considering all the develop- 
ments to date and the possible new 
solutions to the problems, the Ad 
Hoc Committee reported in the 
affirmative and laid down the frame- 
work and philosophy for the pro- 
posed system. The system was 
broken down into its major compo- 
nents and 10 Panels of the NTSC 
were established to undertake the 
solution of the many and complex 
problems. 


Monochrome TV 


The standard black and white tele- 
vision transmitter sends out two sig- 
nals, one carrying the picture, the 
other the sound. The picture signal, 
is produced in the television cam- 
era which views the scene in full 
color and transforms it into a repre- 
sentation in shades of gray. In so 
doing, the camera removes the 
“color” aspect of the image. In the 
monochrome television image, it is 
not possible, for example, to tell 
whether an object is red or green, 
nor to tell whether the colors are 
deep and intense or are displayed 
in pastel shades. The monochrome 
system thus omits any reference 
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Dicgram of NTSC compatible color-TV horizontal 
syne signal showing amplitude-time relationship. 
P is pedestal, $ is syne and H is time for one 
horizontal line. Note location of color burst 


to the spectral quality of the color 
itself (known to artists as “hue” or 
its visual depth of color known as 
“saturation”). ; 

In transmitting a full-color image, 
then, it is necessary to take into ac. 
count the missing elements of hue 
and saturation. In the NTSC sys. 
tem, these are transmitted by a 


- third signal, known as the color 


carrier, which is fitted into the chan- 
nel between the picture signal and 
the sound signal. 


How NTSC Color-TV Works 


The NTSC color system is thus 
founded on the principle that a 
color image may be reproduced 
from two signals, one of which car- 
ries a monochrome version of the 
image in shades of gray, while ‘the 
second superimposes on the mono- 
chrome image the missing hues and 
saturations. This principle is well 
suited to compatible operation of 
monochrome ‘receivers. It is merely 
necessary so to arrange the trans- 
missions that monochrome receivers 
respond only to the monochrome 
signal, ignoring the color signal. 
Color receivers, on the other hand, 
are designed to accept and make use 
of both signals. 

Simple as this principle appears, 
it was a major task to develop a sys- 
tem based on it. The principal prob- 
lems were two: 


1) How to fit all the information 


of both monochrome values and hue 
and saturation values into the stand- 
ard television channel without over- 
crowding, and 

2) How to assure that mono- 
chrome receivers would ignore the 
color information for which they 
have no use. 

The first problem was solved by 
the NTSC with the discovery that 
the monochrome aspect carries the 
essential pictorial detail of a full- 
color image. Once the monochrome 
portion is available in full detail, the 
hues and saturation can be super- 
imposed in a relatively coarse man- 
ner, “painted with a broad brush,” 
so to speak. Hence, the color carrief 
need not occupy as much channel 
space as the picture carrier, and 
overcrowding of the channel is 
avoided. 

The second problem was solved 
by the NTSC when the color signal 
carrier frequency was assigned 4 
precise numerical value relative t0 
the picture signal carrier frequency. 
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When this exact frequency relation- 
ship is maintained, the monochrome 
receiver retains its full sensitivity 
for the picture signal, but finds itself 
yirtually blind to the color signal. 
Mutual interference between the sig- 
nils is thereby avoided. 

In summary, the NTSC system 
achieves compatible color transmis- 
sons by building on the existing 
monochrome system. No basic 
changes are required in the existing 
FCC regulations governing black 
nd white broadcasting beyond 
tightening of tolerances which has 
the effect of improving the perform- 
ance of receivers now in the hands 
of the public and making a minor 
addition to the synchronizing pulse. 
To these regulations must be added 
a group of supplementary standards, 
which set up the color signal, spe- 
city its frequency, and outline the 
techniques by which the hue and 
saturation values are transmitted. 

On April 14, 1953, this NTSC sys- 
tem was formally demonstrated by 
RCA to the Wolverton Committee 
and to the Industry on April 16, 1953. 
It was acclaimed as highly success- 
ful. It is now undergoing final and 
extensive field tests, preparatory to 


amd a Look into the Future 


formal submission to FCC for con- 
sideration. 

A television transmitter broad- 
casting a monochrome signal will 
accommodate the color signal with- 
out change. Precautions necessary to 
insure satisfactory monochrome 
transmission are, in general, the only 
precautions necessary to insure 
proper color transmission, although 
misadjustment will be more objec- 
tionable in the picture when trans- 
mitting color. 

Transmitters which will take color 
signals from the network will prob- 
ably be required to utilize an addi- 
tional piece of equipment known as 
a “synchlock” to insure the adequacy 
of the received synchronizing pulse. 


This, fortunately, is a rather simple’ 


and inexpensive piece of equipment 
and could be supplied quickly to any 
station then on the air with black 
and white. 


The Networks 


Signals have been satisfactorily 
transmitted over the telephone com- 
pany’s networks. The telephone 
company’s engineers have taken a 
very active part in the affairs of the 


NTSC, and are thoroughly familiar 
with the NTSC proposal. The de- 
velopment of the telephone com- 
pany’s facilities has kept pace with 
the development of the system gen- 
erally. 

These two factors mean that a 
color program originated at a net~ 
work key station and put on the net- 
work, could, for a minor capital in- 
vestment and at practically no ex- 
tra operating expense, be taken off 
the network and rebroadcast by any 
local station. 

Thus, color programs on a na- 
tional basis could be available a few 
months after the system is approved. 


Studio Equipment 


It is in the color television studio 
that the most extensive changes will 
be required. A three-tube camera 
initially will be used, although devel- 
opment now intensively underway, 
may result in a single camera tube 
which, if successful, will materially 
reduce the bulk and complexity of 
the color camera. 

The signal from the camera is di- 
rected to a system of rack mounted 
equipment, where the signal is dis- 


Simplified block diagram illustrating equipment interconnections within typical color-TV studio. 


CAMERA CONTROL 
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Close-up showing present day experimental 
General Electric NTSC color-TV receiver. 


sected and each of the signal com- 
ponents is then optimized and dealt 
with individually. At this point, 
also, the special synchronizing pulse 
is generated. From this equipment 
then, there is delivered a complete 
signal which is ready to modulate a 
standard transmitter or to be fed to 
the networks. 

Providing the necessary studio 
equipment for hundreds of stations 
across the country is a very sub- 
stantial technical and production job. 
But, this need not necessarily pre- 
clude the possibility of originating a 
national color television signal 
quickly, as above. Enough studio 
gear, much of it now only in proto- 
type stages, is available to equip at 
least several key network stations. 
This equipment, however, could be 
used to put small percentage of color 
programs through the networks in 
parallel with the standard black and 
white programs. 


Color Television Receivers 


One of the three important ele- 
ments of the NTSC color television 
signal is that it employs the same 
monochrome signal as used for pres- 
ent day black and white television. 
This, of course, is the feature of the 
system which makes it fully com- 
patible. This feature in the NTSC 
system does simplify to some degree 
the design of color television re- 
ceivers. The fact remains, however, 


“ 


COLOR TELEVISION (Continued) 


that to incorporate in one chassis 
and in one picture tube, the ability 
to receive either color programs or 
black and white, at the turn of a 
switch, is a complex problem in en- 
gineering and costly in production. 

The first sets must be “good” if 
color is to be given its proper chance 
to prove its desirability and win the 
approval of the public. Nothing 
could retard color quicker than the 
advent of “compromise” color receiv- 
ers that would offer less than the 
maximum performance. Cost reduc- 
tion can come later as a logical de- 
velopment, but the first units must 
be “tops” and that means that they 
will be expensive in comparison to 
present black and white receivers. 
Industry estimates indicate they will 
be at least double the price and may 
run three times the cost of compar- 
able picture-size monochrome sets. 

It has been estimated that some- 
where in the neighborhood of 100 
color receivers have been built to 
date. These have been kept “up to 
date” with the latest NTSC devel- 
opments and, by and large, have 
been successful after the expected 
“prototype” bugs have been elim- 
inated. 


Receiver Availability 


Actual commercial designs, how- 
ever, cannot be completely frozen 
until final specifications have been 
determined and the system receives 
final approval by FCC. Much de- 
sign work, however, can be antici- 
pated, which will materially reduce 
the time cycle required for final de- 
signing, tooling and getting color re- 
ceivers into production. In spite of 
this, it may well develop that the 
receivers will be the bottleneck and 
that color programs will be on the 
air months before any reasonable 
supply of receivers is available. 

The major remaining problem in 
color television lies in the picture 
tube. One industry leader has made 
the statement “We do not have a 
picture tube.” This is not actually 
true, but the severity of this problem 
should not be minimized. 

All tri-color tubes have in com- 
mon the requirements that the 
phosphor surface utilize not a ho- 
mogeneous deposit, as is the case in 
monochrome, but three separate 
phosphors for red, green and blue, 
deposited as hundreds of thousands 
of dots, or, as fine vertical or hori- 
zontal stripes. Here the similarity 
ends and development is progress- 
ing in two general directions: 

1) Using a single electron beam 


with a change in beam direction at 
the front of the tube to provide color 
selection. Such approaches are ex- 
emplified by the Lawrence tube of 
Chromatic Laboratories, and by the 
Lafferty tube of General Electric, 
Such tubes, in general, are simpler 
and cheaper than the ones next to 
be described, but depend upon com- 
plicated chassis and require greater 
circuit precision in order to insure 
color fidelity. Furthermore, the 
beam bending operation requires an 
appreciable amount of power at high 
frequency, which raises the problem 
of interference radiation. 

2) The second general category of 
tubes comprises those utilizing three 
separate electron beams whose pos- 
sible paths are restricted physically 
so that the green gun, for instance, 
can only reproduce green, etc. These 
tubes are exemplified most famil- 
iarly by the one introduced by RCA. 
The use of these tubes permits a 
reduction in chassis and circuit pre- 
cision and complication, but the tube 
complexity and cost is increased. The 
radiation problem, of course, does 
not exist. Several laboratories are 
known to be working in this direc- 
tion. 

In summary, then, as regards the 
picture tube, the Industry seems to 
have two choices: 

a) Build the precision in the tube, 
thus permitting simpler chassis cir- 
cuits with the assurance that when 
a given color is called for, only 
that color can be reproduced. The 
radiation problem does not exist. 

b) Build the precision into the 
chassis. This alternative possibly 
will result in lower cost tubes. It in- 


volves the hazard of radiation’ and - 


probably puts more of the respon- 
sibility for reliable operation into the 
hands of the customer. 


Color Receiver Costs 


The picture tube holds, not only 
the key as to how the chassis is to be 
designed, but also in a great meas- 
ure, the cost of the finished end 
product—the complete color televi- 
sion receiver. 

‘If the three-gun type, such as this 
RCA tube is used, and if current 
price estimates of $150 to $200 pre- 
vail, it is obvious that the picture 
tube component alone in the re- 
ceiver might add $325 to $350 to the 
list price. Just adding this differ- 
ence in picture tube price to the 
price of an average good quality 21’ 
console would bring the total cost to 
$750 or more. Further, a color re- 
ceiver will probably use 45 to 50 re- 
ceiving tubes, more than twice that 
of a black and white set. Add the 

(Continued on page 118) 
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By HARRY SMITH 


Standard Electronics Corp. 
285-289 Emmett St. 
Newark, N. J. 


“multicon” is a new televi- 
sion camera tube having operat- 
ing characteristics similar to those 
employed in the image iconoscope. 
Tubes falling into this general cate- 
gory have not been used heretofor 
in the United States for commercial 
broadcasting but are currently be- 
ing used rather extensively in Eu- 
rope for studio work. The “multicon” 
is manufactured by Philips, in Eind- 
hoven, Holland. (See Fig. 1.) 

The principle of operation for this 
type tube very briefly is as follows: 
The optical image is focused on a 
photosensitive layer which is depos- 
ited on the inner surface of the flat 
face plate of the tube. (See Fig. 2.) 
Photo-electrons emitted from this 
surface are accelerated toward the 
mosaic by a suitable electric field 
established within the tube envelope. 
The photo-electron streams are fo- 
cused by means of the image focus 
coil on the surface of the mosaic. 
The mosaic surface is made up of a 
vast number of microscopic particles 
deposited on an insulating plate. The 
particles are insulated from one an- 
other and consist of material which 
is a good secondary emitter. The 
photo-electron streams cause a 
charge image to be formed on the 
mosaic surface by virtue of second- 
ary emission. 

The charge image is scanned by 


Fig. 1: Photograph of the new “multicon’’ TV camera tube. Operation is similar to image iconoscope 


Heart of recently announced low-cost camera is 
9-inch long image iconoscope, not used previously 
in U. S. commercial stations. Unit features high sen- 
sitivity, eliminates need for blowers and heaters 


an electron beam produced by anh 
electron gun, magnetic focus coil, 
and magnetic deflection yoke. As the 
beam passes over the charge image 
on the mosaic, a variation in net 
charge on its surface takes place, the 
amount of variation depending upon 
the charge condition of the elements 
being scanned. (i.e. the number of 


Fig. 2: In operation, light striking photo-sensitive layer causes photo-electrons to be emitted and 
accelerated toward mosaic. Secondary emission from mosaic forms charge image, which is scanned 
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secondary electrons released from 
the mosaic by the photo-electrons.) 
As was mentioned, the mosaic sur- 
face consists of isolated microscopic 
particles deposited on an insulating 
plate. The opposite side of the in- 
sulating medium is covered with a 
conductive layer known as the sig- 
nal plate. Each particle in the mosaic 
can be considered to be “capaci- 
tively coupled” to the signal plate. 
The variation in net charge on the 
mosaic is transferred via capacity to 
the signal plate which in turn is 
connected through a suitable glass 
seal to an external load resistance. 
The resulting current variations in 
this load resistance produce the 
video output voltage. 

The principle by which the video 
signal is obtained from the mosaic 
will be recognized as being similar 
to that of the iconoscope tube. The 
iconoscope tube is currently used as 
the pickup device in almost every 
film system now in commercial use. 
Its ability to give high definition pic- 
tures with no tendency to “burn in” 
or stick are well known. The multi- 
con retains these good qualities and 
the addition of an image section leads 
to several advantages which war- 

(Continued on page 125) 
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Particularly suited for recording transient-voltage 
waveforms, type K1056 provides improved reso- 
lution and minimum distortion. Spot velocities 
as high as 13,000 inches/microsecond recorded 


By HAROLD J. PEAKE & ROBERT W. ROCHELLE 
Naval Research Laboratory, Washington 25, D.C. 


s the electronic art progresses, 

the need constantly arises for 
obtaining permanent records of 
transient-voltage waveforms. Fur- 
thermore, the demand is for a means 
of recording waveforms with in- 
creased rates of rise or decay, thus 
requiring increased writing-speed 
capability of the recording set-up. 
To satisfy this demand, recent im- 
provements have been made both 
in cathode-ray tubes and in photo- 
graphic techniques. The CRT’s de- 
veloped in recent years for the 


display of high-speed traces are 
exemplified by the Du Mont types 
5RP-A!, K1017, K1032, and finally 
the tube described here, K1056, 
which was built by Du Mont under 
Office of Naval Research contract. 
The type K1056, when compared 
with its predecessors, provides im- 
proved resolution, greater useful 
screen area, and minimum distortion 
and background illumination, in ad- 
dition to the increased writing-speed 
capability. A sample production tube 
is shown in Fig. 1. 
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Fig. 1: Type K1056 cathode-ray tube, built by DuMont under Office of Naval Research contract, provides high writing speed and improved resolution 


A New High-Speed Cathode-Ray Tube 


During the development of the 
K1056 CRT, a total of 48 experi- 
mental tubes were fabricated for 
testing and evaluation. An analysis 
of the results obtained with each 
experimental model was used to es- 
tablish the next line of attack. At 
the start of the investigation the 5-in. 
screen diameter was chosen from 
purely practical considerations. It 
was also clear that the multiband 
postdeflection-accelerating electrode 
arrangement would be required in 
order to use a high overall tube 
voltage and yet maintain a reason- 
able deflection factor (volts per 
inch). Owing to previous difficul- 
ties that resulted from non-uniform 
screen charge distribution on un- 
coated screens, it was initially de- 
cided that the screen would have an 
aluminized backing connected to the 
full tube potential. 


Length of Envelope 


From the standpoint of applica- 
tion as well as that of manufacture 
it is desirable to minimize the length 
of a CRT envelope. Consequently 
the first four experimental models 
had an overall length of 17 in., and 
the throw from the deflection plates 
to the screen was 11 in. Owing to the 
required greater beam-deflection 
angle as compared with that of 8 
tube having a longer plate-to-screet 
throw, these first tubes had several 
deficiencies: (1) excessive trace dis 
tortion (deflection nonlinearity), 
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(2) insufficient usable screen area, 
id (3) defocusing of the spot when 
elected from the center of the 
green. On deflection from the axial 

n the electrons in a beam 
Cross-sections do not all experience 
the same net accelerating force. The 
gectrons nearer to a _ deflection 
plate travel through the deflecting 
field along a path shorter than that 
followed by electrons diametrically 
opposite. This means that the de- 
flected beam is focused at a point 
considerably short of the screen. 
Hence, if the undeflected beam is 
focused on the screen, focusing oc- 
curs at deflected positions. Sub- 
sequent models therefore had 
greater bulb lengths, the final design 
having a nominal 21-in. overall 
length and 15-in. throw. The first ex- 
perimental tubes had a new feature 
that was retained in the final model: 
the intensity-grid and cathode leads 
were brought directly out through 
the glass neck of the tube. This lead 
arrangement effects a reduction in 
the grid-cathode capacitance and the 
associated lead inductances—impor- 
tant considerations in the application 
of fast blanking or unblanking sig- 
nals, 


Deflection Linearity 


In an attempt to increase deflection 
linearity with unbalanced signals, a 
deflection-plate design called the 
“box plate” was incorporated in sev- 
eral sample tubes. One of a pair of 
| | plates was a plane surface; the other 
| plate had a parallel planar section. 
In addition, the two edges parallel to 
1 | the electron-beam axis were folded 
inward at 90°. This box-plate con- 
figuration was used in an attempt to 
: Maintain deflection linearity with 
- — an unbalanced-to-ground deflection 
1 § Signal. Tubes utilizing this plate 
: structure showed severe distortion of 
- § the trace near maximum deflection 
n § and exhibited an aggravation of the 
e § defocusing with deflection. In view of 
these results it was-decided that a 
symmetrical plate structure would 
be used. This provides a balanced- 
signal display with minimum distor- 
tion as well as good reproduction of 
unbalanced signals. 

Because of the deterioration of spot 
focus when the beam was deflected 
from the center portion of the tube, 
an investigation of the use of curved 

lates was undertaken. The use 
t a fluorescent screen surface that 
is convex outward would, at least 
partly, correct for field curvature of 
Camera lenses. (Edgerton, Germes- 

mn & Grier type 3114 camera 
with a Wray f/1.0, 2-in., 4:1 copy- 
Tatio lens, used in developing 
K1056.) However, this study showed 
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Fig. 2: Circuit for ‘‘sparking’’ process applies high-voltage transient to gun structure region 


that, as far as the electron optics are 
concerned, essentially no improve- 
ment accrues in using other than a 
flat screen area on a CRT having a 
multiband postdeflection accelera- 
tion. The electron beam of such tubes 
must follow a doubly inflected path 


such that, on arrival at the screen, 
parallelism is maintained regardless 
of beam deflection. The K1056 has an 
optically flate glars face plate. 

To determine the effect of the type 
and thickness of the screen phosphor, 
tubes with different thickness of P7 


TABLE 1: GENERAL CHARACTERISTICS OF TYPE K1056 TUBE 


Electrical 

Heater 

Voltage, ac or de 6.3 v. ¢ 

Current 0.6 amp. 
Deflection Electrostatic 
Focus Electrostatic 
Screen 

Phosphor P11 

Fluorescence Blue 

Persistence Short 
Direct Interelectrode Capacitances, Nominal-Cathode to all other 

electrodes (including filament) 4.6 uf 

Grid 1 to all other electrodes 3.7 put 

Di to De 1.0 put 

Ds to Ds 1.0 pf 

D1 to all other electrodes except Dz 1.3 pf 

D2 to all other electrodes except Di 1.3 pf 

Ds to all other electrodes except D1 1.3 puf 

D, to all other electrodes except Dz 1.3 pf 

Mechanical 
Over-all length 21 + % in. 
Greatest diameter of bulb 5% + 3/32 in. 
Minimum useful screen diameter 4Y, in. 
Bulb contacts (Asbands) Snap terminal ball 
contacts 


Neck contacts (cathode and grid) 
Deflection-plate connections 


Base 


Special lateral contacts 

Coaxial (fit Ucinite 
J-1357 plug) 

Medium 12-pin diheptal 


Maximum Ratings* 


Anode-3 voltage (postdeflection accelerator) 
Anode-2 voltage 
Ratio of anode-3 voltage to anode-2 voltage 
Anode-1 voltage 
Grid-1 voltage 

Negative bias 

Negative peak 


35,000 v. de 
10,000 v. de 
5 

5,000 v. de 


400 v. de 
<Ov. 


Typical Operating Conditions 


Anode-3 voltage** 

Anode-2 voitage 

Anode-1 voltage for focus 

Grid-1 peak voltage 

Grid 1 bias voltage (for visual extinction) 
Deflection factor (D:-D2 and Ds-D.) 

Spot position (undeflected) 

* All voltages are with respect to the cathode 


30,000 v. 

7,500 v. 

2,500 to 2,600 v. 
<— 20 v. 

—100 to —150 v. 
210 to 250 dc v./in. 
Within 15-mm sq. 


** Ao-A3 voltage equally divided between the five accelerator bands i.e., (30—7.5)/5=—22.5/5=—4.4 kv per band 
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CATHODE-RAY TUBE 


Fig. 3: (a) Trace with spurious screen illumi- 
nation. (b) Same trace after sparking applied 


and P11 screen materials were tested. 
Only the short-persistence portion 
of the P7 screen was used. The 
thickness, as measured by the trans- 
mission of light from an incandescent 
source through the screen, was 
varied from 40 to 60% in 5% incre- 
ments. The Pll material was gen- 
erally superior, and the optimum 
thickness was found to be that corre- 
sponding to a light transmission of 
53%. 


Spurious Screen Illumination 


Trouble has been encountered, 
both in previous tubes and in ex- 
perimental K1056’s with regard to 
spurious screen illumination. Such 
illumination falls into two cate- 
gories: steady illumination (“stray 
emission”), and illumination under 
control of the intensity grid 
(“bloom”). Much effort has been ex- 
pended toward the elimination of 


(Continued) 


these two effects, since any back-~- 
ground screen illumination seriously 
affects the maximum recordable or 
observable writing speed. Possible 
sources of undesired electrons are 
flecks of material from the getter, 
cathode, screen, electron gun, and 
accelerator bands. Since it is prac- 
tically impossible to- fabricate a 
“clean” CRT, some operation on the 
finished tube is required. The most 
useful technique is that of “spark- 
ing” by means of a high-voltage 
transient applied between the sec- 
ond anode and the combination of 
grid, cathode, heater, and focus 
anode. A_ current-limiting 15-kv 
neon sign transformed will supply 
the necessary pulses if a variac and 
spring-return switch are used to 
control the voltage (Fig. 2). Momen- 
tarily closing the switch then applies 
a high-voltage transient to the gun- 
structure region, burning off the of- 
fending particles deposited in the 
vicinity. This process is carried out 
in a very dim light so that the prog- 
ress made may be followed by noting 
the incandescence excited at points 
inside the tube: the brilliance and 
frequency of the light flashes dimin- 
ish as the cleaning-up process is 
continued, Sparking between adja- 
cent accelerator bands, at reduced 
voltage, is also performed. Since 
stray emission or bloom may reap- 
pear in a tube that has been handled 
in shipping, the users of such tubes 
should consider applying the above 
techniques. Fig. 3a shows a trace 
largely obscured by spurious illumi- 
nation, and Fig. 3b shows the same 
trace after sparking has been ap- 
plied. If sparking a tube is not com- 
pletely successful in eliminating 
background illumination, the appli- 
cation of a negative (with respect to 
the second anode) dec voltage of 
about 50 to 300 v. on the first ac- 
celerator band is very effective. 
Several changes were made in the 
basic K1032 electron+gun structure 
that was used as a starting point for 


Fig. 4: Dimensions of K1056 double-flared deflection plates 
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the K1056 development. ‘The size of 
the intensity-grid aperture was re. 
duced, the focus anode was increased 
in length, and the spacing between 
the intensity grid and the preaccel- 
erator portion of anode two was de- 
creased, The combined effect of these 
changes was to produce a higher 
beam-current density and a smaller 
spot size. 


Deflection Plate Design 


In addition to the box-plate design 
other variations in deflection-plate 
size and shape were tried, including 
different-sized plane-parallel, flared, 
and doubly flared plates. This last 
type was adopted for the K1056 de- 
sign (Fig. 4) in view of its superior 
transit-time and frequency-response 
characteristics as well as its relative 
freedom from defocusing effects 
when the beam is deflected. For 
plane-parallel deflection plates the 
transit time of the “first kind” (ie., 
through one pair of plates) can be 
measured by determining the period 
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Fig. 5: Parallel and flared plates performance 


of the lowest frequency signal that 
produces zero deflection of the 
beam.? This is shown by the dashed 
line in Fig. 5. The solid curve shows 
how the experimentally determined 
sensitivity of the K1056 tube varies 
with excitation frequency. There is 
no frequency at which the deflection 
falls to zero for the doubly flared 
plate structure. Hence, transit time 
of the “first kind” for the K1056 CRT 
has been taken as the period of the 
frequency at which the dynamic and 
static (dc) deflection factors are in 
the ratio of « (2.718). The transit 
time thus defined through a set of 
plates is 2.8 < 10-?° seconds (corre- 
sponding to a frequency of 3,600 
mc) with an anode-two potential of 
7.5 kv. Transit time through a set of 
plates was actually determined by 
applying a fixed-frequency signal, 
varying the accelerating potential, 
and noting the potential at which the 
deflection (corrected for beam ve- 
locity) falls to 1/e of the dedeflection. 
The transit time for any beam volt- 
age may then be obtained from the 
voltage-velocity relation for the 
electron. 


oe 


cs mews eft eb eee BB eae Bese oS 


—- — © re OF Ft rt BS 


A SENET ate gy Sea SR OTN ee RS Se A Gre, eee ee aay ON 


a 
get, sinc'd 


f 360° 
WHERE T IS THE TRANSIT TIME 


fig. 6: Measuring transit time of ‘second kind” 


Transit time between the two 
pairs of deflection plates (transit 
time of the “second kind”) is an im- 
portant consideration for CR tubes 
used in high-frequency or high- 
speed transient work. The centers of 
the two pairs of plates in the K1056 
deflection structure are axially 
spaced %4 in. apart, and a metal 
shield with a rectangular aperture is 
interposed between the two deflec- 
tion-plate pairs to minimize cross- 
talk: Both by calculation and by 
measurement the transit time be- 
tween sets of plates is 10.2 * 1071°/ 


VExy sec., where Exy is the second- 
anode voltage in kilovolts. This gives 
a value of 3.73 X 10-!° sec, at 7.5 kv. 
Fig. 6 shows the method used for 
measuring the transit time of the 
“second kind.” Balanced in-phase 
200-mc excitation was applied to 
both pairs of deflection plates, and a 
photograph of the resulting ellipse 
and its axes was made. The phase 
rotation between the two deflection 
fields is the angle whose sine is the 
axial distance across the ellipse di- 
vided by the total deflection parallel 
to that axis. 


**Static” Tests 


A finished K1056 tube is subjected 
to various “static” tests, including 
Measurements of beam current, 
orthogonality deviation of the two 

ection directions, visual-cutoff 
grid voltage, de deflection factor, ex- 
amination of cathode surface, and in- 
Spection for spurious electron emis- 
sion, screen imperfections, and 
astigmatism. In addition, each tube 
was tested “dynamically” by opera- 
tion in an oscilloscope set-up. A 
fransient-voltage signal was applied 
to check for maximum writing-speed 
capability as well as the ability to 
isplay a trace involving a wide 
Tange of writing speeds. 

The K1056 tube characteristics are 
given in Table 1. Operating without 
applying astigmatism voltages to the 
deflection-plate system is satisfactory 
for many purposes. However, to ob- 
tain minimum line width for highest 
resolution traces, the vertical-deflec- 


tion plates should be at about —10 v., 
and the horizontal-deflection plates 
should be at about +100 v., both 
voltages being with respect to the 
nominal anode-two voltage. 

Fig. 7a shows a photographic re- 
cording made with a K1056 tube dis- 
playing a 200-mc timing wave verti- 
cally and the rise of an electronic 
pulse-generator output horizontally. 
The spot speed varies from zero at 
the start of the sweep to 1,500 in./u 
sec. near the end of the trace. The 
trace width varies from 0.018 in. at a 
spot speed of 50 in./u sec. to 0.010 in. 
at a spot speed of 1,500 in./u sec. 
Hence, the trace speed reckoned in 
trace widths per second varies from 
2.78 X 10° to 1.50 X 10'*. The sensi- 
bility of the tube lies in the range of 
2 to 4 v. per trace width, the actual 
value depending on the spot speed at 
which the trace width is measured. 
Fig. 7b shows a recording.of a mag- 
netron output at 6,500 mc. The com- 
parative ease with which such traces 
can be observed and/or recorded by 
use of the K1056 CRT should be of 
tremendous aid in the exploration of 
fast transient phenomena. 


Fig. 7: K1056 cathode-ray displays when verti- 
cal deflection is (a) 200 MC, and (b) 6500 MC 


In one sample of high spot velocity 
recording, the vertical deflection is 
furnished by a 6500-mc magnetron; 
the horizontal deflection is by means 
of a coaxial breakdown gap fired by 
the output of an electronic pulser. 
The spot velocity is about 7,000 in./u 
sec. A spot velocity of 13,000 in./u sec. 
is the highest recorded thus far with 
the K1056. This is well above the 
free-space velocity of light (12,000 
in./u sec.). The recorded rate of 
change of voltage from the 13,000 
in./u sec. is 3 X 10'? volts/sec. 

The deflection linearity of the 
K1056 tube is shown in Fig. 8, a 
typical calibration raster.* The de- 
flection-voltage increment between 
adjacent lines of the raster is 40 v. 
Maximum deflection nonlinearity oc- 
curs near maximum deflection, 
where the distortion is about 4%. 
To judge the performance of a 
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Fig. 8: Calibration raster measures linearity 


CRT, a figure of merit has been de- 
vised as follows: 


FM = E/2DS 


where FM is the figure of merit; E 
is the peak signal voltage available, 
equal to or less than the full-screen 
deflection voltage; D is the deflection 
factor in v./in.; and § is the spot size 
in inches. This figure of merit is nu- 
merically equal to the resolution of 
the tube display in terms of the trace 
width. Since the trace width varies 
with the trace speed, a choice must 
be made as to where to measure the 
trace width. For example, on the 
trace in Fig. 7a, if the width were 
taken at 50 in./u sec., a.somewhat 
low figure of merit would be ob- 
tained, since the line width at higher 
speeds may be reduced by a half. 
Nevertheléss, on this basis, the aver- 
age K1056 tube, having an average 
0.019-in. line width at 50 in./p sec., 
has a figure of merit of 

FM = 940/(2 X 235 X 0.019) = 105 
for full-screen (4-in.) deflection. 
The figure of merit for the highest 
speed portion of the trace (or the 
figure for any trace witha small 
range of speeds) would be 200 or 
more. 


Acknowledgments 


Construction of experimental and 
production K1056 tubes was done at 
the DuMont Labs. under the super- 
vision of Messrs. Stanley J. Koch, 
Robert E. Rutherford, Sr., and Rob- 
ert E. Rutherford, Jr. The authors’ 
portion of the project was directed 
by Dr. Wayne C. Hall and Mr. N. W. 
Matthews of the Electricity Div., 
Naval Research Lab. 


peng 
Pap rt, I. E., and Feldt “The SRP 
Multiband Tube: as jopoeener Ftype Cathode- 


Ray Tube for “a Operation”, 

Proc. I.R.E., 34: aa "(1946 

2. Hollmann H. E., “The Use of the Cathode- 
ray Oscillograph . <a high Frequencies”. 


Wireles Experimental Wireless, 
10: "430-433 Ffioss).- 


S Robinson, G. B., and Van Allen, R. L., 
“Precision Measurements with a Cathode-ray 
Oscilloscope”, to be published in Review of 
Scientific Instruments. 


61 


aera 


a 


AAS ACRE A ERY RETR Ay 


Yelea eacaigh Ty 199 ES p wen oaks 


By 
M. B. KNIGHT 


Tube Dept. 
Radio Corp. of 
America 
Harrison, N.J. 


HE commercial development of 
television has brought about a 
high degree of refinement in the, de- 
sign of many circuits which are 
fundamentally not at all unique. The 
vertical-deflection circuit, for ex- 
ample, is basically a power-output 
stage driven by a sawtooth voltage. 
This article will discuss the often 
overlooked fundamentals of vertical- 
deflection-circuit design. In addition, 
the operating principles of vertical- 
deflection circuits will be compared 
with those of more familiar power- 
output circuits, and an effort will be 
made to dispel some common mis- 
conceptions which have hindered a 
true understanding of their func- 

tioning. 
Current-Waveform 
Requirements 


The vertical-deflection circuit of a 
television receiver is required to 


send current through the deflecting © 


coil in such a manner that the ver- 
tical deflection of the electron beam 
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Fig. 1: Veltage and current waveforms in ver- 
tical deflecting coils (linear traces assumed) 


Practical Analysis of Vertical | 


Nonlinear tubes and transformers prove eco- 
design produces more effective vertical output 


is suitable for use with a standard 
television signal. This current should 
be sawtooth in waveform; that is, 
the rate of change of current during 
the trace must be constant and the 
retrace must be quite fast. The 
blanking standards require that re- 
trace be accomplished in less than 
5% of the %o sec. scanning cycle. 
Fig. 1 illustrates the desired current 
waveform, and also shows the volt- 
age waveforms which appear across 
the deflecting coils when such a cur- 
rent is passed through them. Exam- 
ination of the voltage waveforms in- 


‘ dicates that some assumptions can 


be made to simplify the circuit 
analysis. The deflecting coils may be 
considered as a series resistance and 
inductance; for the initial analysis, 
the small amount of distributed ca- 
pacitance in the coils may be 
neglected. Typical values of re- 
sistance and inductance for a mod- 
ern deflecting yoke, RCA-211D1, are 
47 ohms and 42 millihenries, re- 
spectively. The voltage across the 
resistive component, iR, is sawtooth 
in waveform and the voltage across 
the inductance, L(di/dt), is rec- 
tangular in waveform. During trace, 
approximately 16,000 microseconds, 
the inductive component of the volt- 
age is much smaller than the resis- 
tive component. In this portion of 
the cycle, therefore, the vertical- 
deflecting coils appear to be essen- 
tially a resistance and the inductance 
may be neglected, at least in the 
first approximation. During retrace, 
however, the inductive component 
of the voltage is of the same order 
of magnitude as the resistive com- 
ponent and both must be considered. 
In view of these considerations, 
analysis of circuit operation can be 
simplified by examination of the 
trace and retrace portions of the 
scanning cycle separately. 


Trace Portion of Cycle 


Because the deflecting coils can be 
considered a resistance during trace, 
the deflection current may be pro- 
duced, as in audio circuits, by a class 
A amplifier driven by a sawtooth 
grid voltage. Practical deflecting- 
yoke design requires that the current 
through the coils be relatively high 
and the voltage relatively low, or, in 
other words, that the coils have low 
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impedance. It is expedient, there. 
fore, to use a stepdown transformer 
from the amplifier tube to the yoke, 
a method which is again analagous 
to audio power-amplifier practice. A 
basic vertical-deflection output cir- 
cuit suitable for use in analysis of 
the trace portion of the scanning 
cycle is shown in Fig. 2. A straight- 
forward way to produce linear de- 
flection is to minimize distortion in 
the circuit components by using a 
transformer having negligible distor- 


VERTICAL- VERTICAL- 
OUTPUT 


OUTPUT 
TUBE TRANSFORMER 
VERTICAL- 
DEF LECTING- 


SAWTOOTH 7 COIL 
: | RESISTANCE 


VOL TAGE 


B+ 


Fig. 2: Basic vertical deflection output circuit 
used in analysis of trace portion of cycle 


tion, a tube having good linearity of 
characteristics over its operating 
range, and a linear sawtooth grid 
signal. It will be shown, however, 
that some deviations from these 
ideal conditions often are required 
in practice. First, tube operation 
during trace will be considered with 
the assumptions that an ideal trans- 
former is used to couple the tube to 
a resistive load and that the grid 
voltage is a linear sawtooth. 


Load Impedance 


The choice of load impedance for 
the vertical-output tube is based on 
the same factors used in audio 
amplifiers, the major considerations 
being power output, efficiency, and 
distortion. A common erroneous as- 
sumption is that the load must be 
matched to the plate resistance, Tp 
of the tube. The concept of a tube 
as a voltage generator with an in- 
ternal impedance equal to its plate 
resistance may be useful after the 
load impedance has been determined 
if the tube operates in a linear por- 
tion of its characteristics. The output 
of a power amplifier, however, is 
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with adequate damping and peaking 


limited by distortion caused when 
the tube is operated in the region of 
non-linear characteristics, and the 
characteristic curves of the tube 
should be used to determine the 
load impedance. Triodes have been 
used most commonly as vertical-de- 
flection output tubes in this country 
because of their inherently good lin- 
earity of characteristics and because 
of other reasons which will be men- 
tioned later. In addition, these ampli- 
fier tubes have been operated class 
A, because of the economy and con- 
venience of generating the grid sig- 
nal in high-impedance circuits. 


Plate Characteristics 


Some effects of the choice of load 
impedance can be examined with the 
aid of Fig. 3, which shows the plate 
characteristics of type 6S4 and three 
load lines. A plate voltage of 300 
volts is assumed and load lines are 
drawn for load resistances of 2500, 
5000, and 20,000 ohms. The operating 
bias, indicated by a circle on each 
load line, was selected by inspection 
of the curves so that approximately 
equal grid-voltage swing above and 
below the operating point would 
reach zero bias and cutoff respec- 
tively. The value of load impedance 
has a relatively small effect on power 
output (picture height), but has a 
considerable effect on power input, 
plate dissipation, and plate efficiency. 
It is good design practice to select 
the output-transformer ratio giving a 
load impedance which permits ade- 
quate picture height with maximum 
efficiency and minimum tube dissipa- 
tion rather than to seek the ratio 
which provides the most output. The 
choice of load resistance, therefore, 
may depend more upon the B voltage 
and the deflection power required 
than upon the tube type used for ver- 
tical output. Of course, some reserve 
deflection must be allowed so that 
variations in line voltage, tubes, and 
components can be accommodated 
and the tube is not driven to zero 
bias under normal operating condi- 
tions, 


Choice of Tube Type 


The maximum theoretical effi- 
ciency of an amplifier delivering a 
Sawtooth current waveform into a 


Deflection Circuits 


nomically expedient. Proper circuit 
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Fig. 3: 684 plate characteristics. 
“Typical load line” is for 6000- 
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ohm resistance in parallel with  ~° 
a 60-henry inductance and a 
sawtooth current of 30 ma 
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peak-to-peak in the resistance. 
Three other resistance load lines 
also shown 


resistive load is 334%, as compared 
to 50% for a sine wave and 100% 
for a rectangular wave, A necessary 
condition for obtaining plate effi- 
ciency approaching the maximum 

eoretical efficiency with any power 
amplifier is that the minimum plate 
voltage, at zero bias on the appropri- 
ate load line, should be a relatively 
small fraction of the plate supply 
voltage. Good efficiency is. most 
easily obtained, therefore, with high 
plate supply voltages. The 684, for 
example, has been used in-commer- 
cial circuits having an ample reserve 
of deflection with better than 20% 
plate efficiency from a 500-volt plate 
supply. The 6S4 is well suited for 
such an application because its rela- 
tively high mu makes it easy to 
drive and because it requires only a 
small part of the B supply voltage 
for cathode bias. If a 300-volt supply 
were used for the 6S4, the efficiency 
would be much lower and output 
adequate for most modern deflec- 
tion requirements would be impos- 
sible to obtain. The output which 
must be supplied to the vertical- 
deflecting coils to scan kinescopes 
having deflection angles of 66° to 70° 
and operating at anode voltages of 
14 to 16 kv is in the order of one 
watt. For applications in which 
plate-supply voltages are relatively 
low, better efficiency is obtained 
with other high-transconductance 
tubes having lower mu, such as the 
6AQ5 triode-connected. A triode- 
connected 25L6-GT or 6W6-GT will 
provide even more output if the 
application permits operation within 
tube ratings. 


Output Tube 


Because high plate current at low 
plate voltage is required for vertical 
deflection in receivers having a low 
B voltage, it may seem that a pen- 
tode weuld be better than a triode 
for the output tube. Pentodes do 
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PLATE VOLTS 


have the advantage of being capable 
of higher efficiency, but most de- 
signers have avoided their use be- 
cause the value of load impedance is 
more critical and the attainment of 
proper deflection linearity requires 
special design considerations, as will 
be discussed in the next section. 

Up to this point, it has been as- 
sumed that an ideal vertical-output 
transformer is used in the circuit of 
Fig. 2. Actually, transformers depart 
from the ideal in many respects. The 
chief difficulty encountered in the 
design of vertical-output transform- 
ers is that of making the primary 
impedance high enough so that it has 
no appreciable effect on the circuit. 
A transformer with such hight pri- 
mary impedance would have disad- 
vantages with respect to size, weight, 


Fig. 4: Equivalent circuit for vertical de- 
flection output; voltage and current waveforms 
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VERTICAL DEFLECTION 


and cost, and would also cause an 
undesirable increase in leakage re- 
actance and distributed capacitance. 


Leakage Reactance 


The leakage reactance of commer- 
cial transformers currently in use 


Fig. 5: (a) Normal test pattern at left. (b) 
Nonlinear patern resulting from reducing pri- 
mary inductances of vertical output transformer 
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Fig, 6: Approximate equivalent for vertical 
output circuit during retrace part of cycle 


Fig. 7: Transient voltage (top) across capa- 
eltor C, and current (bottom) through inductance 
nL, switch open in Fig. 6 (a—left) Overdamped, 
Ra small; (b—center) Ra adjusted for critical 
damping; (c—right) Ra large, oscillatory 


can usually be neglected; the pri- 
mary inductance, however, should 
be considered. These transformers 
can be represented with reasonable 
approximation by the equivalent cir- 
cuit shown in Fig. 4. In this circuit, 
retrace is still disregarded, and the 
deflecting coils are represented by 
the resistance n*R, where n is the 
transformer ratio and R is the re- 
sistance of the coils. The current 
waveform through the deflecting 
coils, ii, is a sawtooth as indicated. 
The voltage across the resistance, e,, 
must also be a sawtooth. If the pri- 
mary inductance of the transformer 
is assumed to be linear (that is, if 
the effect of the iron core which 
causes the inductance to be some- 
what dependent upon the current is 
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neglected), the current through the 
inductance, i: is of the waveshape 
shown in Fig. 4. This waveform is, 
mathematically, the sum of a section 
of a parabola and a straight line 
having a negative slope. The plate 
current of the tube, i,, is the sum of 
the currents i:,.and i:, and, with the 
ratio of R to L, found in most com- 
mercial transformers, the waveform 
is nearly parabolic as shown. If 
numerical calculations are made, a 
typical load line can be constructed 
on tube characteristic curves. Such 
a construction has been made on 
Fig. 3 (typical load line) for the 
voltage and current waveforms of 
Fig. 4. The near-parabolic current 
waveform, i:, can be obtained either 
by driving the tube with a similar 
grid voltage waveform or by having 
some nonlinearity in its plate char- 
acteristics. The characteristic curves 
of Fig. 3 show that the 6S4 has such 
non-linearity of characteristics, This 
type of nonlinearity, which is in- 
herent in triodes, permits the use of 
a nearly-linear grid signal to pro- 
duce the plate current waveform re- 
quired by.an economical transformer. 
The nonlinearity of characteristics is 
sometimes deliberately accentuated 
in the design of vertical output tubes. 
A tube having more linear charac- 
teristics could be used with a prop- 
erly shaped grid signal, but the cir- 
cuitry required to produce such a 
grid signal is cumbersome and 
costly, at least at the present state of 
the art. We mentioned previously 
that the most straightforward way 
to obtain linear deflection is to avoid 
distortion in each part of the circuit; 
however, the use of nonlinear tubes 
and transformers having comple- 
mentary characteristics which pro- 
vide linear deflection has proved 
economically expedient in commer- 
cial receivers. In addition to the 
economies in tube and transformer, 
a more detailed analysis shows that 
the addition of a suitable inductance 
in parallel with the load resistance 
increases the theoretical plate effi- 
ciency from 334%% to as high as 50% 
when the ratio of R/L» is equal to 
120 


Optimum Deflection Linearity 


For the best deflection linearity, 
the tube and transformer must be 
designed to complement each other. 
Variation in either can be at least 
partially compensated by adjustment 
of bias on the vertical-output tube. 
This bias adjustment is usually made 
by means of a variable cathode 
resistor—the “vertical-linearity con- 


trol.” Only a certain amount of com. 
pensation is possible, however, and 
objectionable distortion can result 
from improper pairing of the tube 
and transformer. Fig. 5a is a photo- 
graph of a test pattern illustrating 
the good linearity produced with 
typical commercial deflection com. 
ponents (684 tube, RCA-226T) 
vertical-output transformer, and 
RCA-211D1 deflecting yoke). Fig, 5b 
shows the impaired linearity which 
resulted in the same circuit by re- 
ducing the primary inductance of 
the transformer to about 55% of the 
original value. Considerable adjust- 
ments of the height and vertical- 
linearity controls were necessary to 
make the linearity even as good as 
that of Fig. 5b. No adjustment of the 
controls, however, could produce 
satisfactory linearity. 

Because of its nonlinear -charac- 
teristics, a triode tends to stretch 
the bottom of the picture, which is 
coincident with maximum plate cur- 
rent, and thereby to correct for the 


Fig. 8: Vertical output tube voltages. (a) 
Correct peaking; (b) too much; (c) foo little 


TELE-TECH & ELECTRONIC INDUSTRIES * July 1953 


* Px ose 
at. 


Fig, 9: Actual plate voltage waveforms for the vertical output tube illustrating the conditions of Fig. 8 
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Fig. 10: Peaking effect on raster retrace. (a) Correct peaking; (b) too much, linearity disturbance at top; (c) too little peaking, excessive retrace time 


effect of the transformer primary 
inductance. Pentodes can be used in 
a similar manner, provided the load 
impedance is chosen so that the load 
line does not approach the “knee” 
of the tube plate characteristics. 
Neither tube type has a clear-cut 
advantage in such operation, as evi- 
denced by the fact that triodes have 
been more popular in this country 
while pentodes have been used ex- 
tensively in Europe. Operation of 
pentodes in this manner, however, 
does not take advantage of their 
high-efficiency capabilities. If the 
high efficiency of the pentode is re- 
quired, the grid-signal waveform 
must be modified and a suitable load 
resistance chosen. Degenerative 
feedback circuits provide a practical 
means of modifying the grid signal. 
In such circuits, the increase in 
driving signal required by feedback 
is compensated for by the high 
power sensitivity of pentodes. Ap- 
proximately the same amplitude of 
grid signal is required, therefore, 
with either triodes or pentodes. 


Cathode Bias 


It was mentioned earlier that 
cathode-resistor bias is ordinarily 
used for the vertical-output tube 
even though some power output is 
sacrificed because of the reduction 
in effective plate voltage. -An im- 
portant reason for the use of cathode 
bias is that large values of grid re- 
Sistors are necessitated by the high- 
impedance driving circuits and by 
practical values of coupling capaci- 
tors. Reverse grid current from gas 
or grid emission in the amplifier 


tube may cause a significant reduc- 
tion in effective grid bias when a 
large value of grid resistance is 
used, and cathode-resistor bias is 
required to minimize the possibility 


of excessive plate current. 


Retrace Portion of Cycle 


The retrace portion of the scan- 
ning cycle is probably best explained 
in terms of transient phenomena. A 
complete discussion of transients 
would require treatment of differ- 
ential equations, but adequate famil- 
iarity with the subject can be ob- 
tained through consideration of 
some voltage and current wave- 
forms and a brief explanation of 
what happens. The circuit of Fig. 6 
is an approximate equivalent circuit 
for a vertical-deflection circuit; R 
and L are the resistance and induct- 
ance of the vertical deflecting coils, 
n is the transformer ratio of primary 
to secondary turns, C is the dis- 
tributed capacitance of the trans- 
former and yoke, and R, is an ex- 
ternal damping resistor. Fig. 7 shows 
a series of oscillograms of voltage 
and current waveforms obtained 
with the three different values of R, 
when the switch is opened in such 
a circuit. This circuit could be made 
a more nearly exact,equivalent: if 


‘the equivalent resistance of the 


transformer windings were included 
in the value R. In a well designed 
transformer, the resistance of the 
windings is about 20% of the yoke 
resistance. Larger values of trans- 
former-winding resistance usually 


- Cause an objectionable reduction in 
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transformer efficiency. 

Commerical vertical-deflection cir- 
cuits include such values of R, L, 
and C (Fig. 6) that, without external 
damping, the oscillatory transient 
condition is encountered. Circuit 
resistance, however, is such that the 
oscillations die out after a few 
cycles. Such oscillations can be ob- 
jectionable because they may con- 
tinue beyound the blanking period 
and upset the deflection linearity at 
the top of the picture. Furthermore, 
the “frequency” of oscillation is 
quite high compared to the vertical 
scanning frequency, and the high 
peak voltages developed may cause 
arcing in the transformer, tube, and 
socket. Commercial practice has 
been to damp the circuit in such a 
way that the retrace time is length- 
ened and the oscillations are not 
permitted. It should be noted, how- 
ever, that the resistors which are 
commonly placed across each ver- 
tical deflecting coil are primarily 
for the elimination of another unde- 
sired effect in the yoke, and ad- 
ditional damping is required*for the 
purpose discussed above. 


Pentode Output Tube 


When a pentode output tube is 
used, it operates very much like 
the switch in Fig. 6. When the tube 
is cut off at the end of the trace, 
it remains substantially cut off dur- 
ing retrace despite the high plate 
voltage developed because the plate 
current of a pentode is relatively 
independent of the plate voltage. 
Damping is usually accomplished 
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VERTICAL DEF LECTION (Continued) 


through the use of a series resistor 
and capacitor across the primary 
of the vertical output transformer. 
The capacitor contributes both to 
increased retrace time and to re- 
duced loading due to the resistor 
during the trace portion of the cycle. 
The value of resistance is chosen so 
that there are no oscillations but the 
retrace time is not excessively long. 
The values of these components are 
selected empirically. 


Vertical Output for Damping 


When a triode output tube is used, 
the tube plate current is usually 
controlled during retrace in such 
a manner that the tube does the 
damping. The use of the tube rather 
than fixed components for damping 
has some minor advantages. First, 
the damping “resistance” is present 
only during retrace and no power 
is wasted in a damping resistor. 
Second, the value of the effective 
damping resistance can be varied 
during retrace and the value of peak 
voltage developed can be kept 
smaller for a given retrace time than 
if fixed components were used. 

The action of the tube in damping 
the circuit may be explained with 
the aid of the grid-voltage and 
plate-voltage waveforms shown in 
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Fig. 11: Discharge-tube circuit for the 
generation of a sawtooth voltage waveform 
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Fig. 12: Equivalents for Fig. 11. (a) Simple 
discharge circuit; (b) with peaking resistor 


Fig. 8. The grid-voltage waveform 
for a triode output tube cannot be 
a simple sawtooth because the high 
plate voltage developed during re- 
trace would cause considerable tube 
conduction and the excessive damp- 
ing would cause long retrace time. 
During retrace, when the plate volt- 
age is high, it is necessary to add a 
negative pulse, the “‘peaking” pulse, 
to the grid voltage to keep the tube 
near cutoff. Fig. 8a shows the wave- 
form, es, of the sawtooth grid voltage 
with the peaking pluse added. 

In Fig. 8a, the trace ends at the 
point indicated A. At this point, 
which corresponds to the bottom of 
the picture, the plate voltage is low 
and the grid voltage is at its highest 
value. The application of a high 
negative grid voltage practically 
cuts off the plate current and thus 
causes the ‘transient condition of 
rapidly decreasing current in the 
deflecting coils and a resultant high 
value of plate voltage. The plate 
voltage might rise to a value of 3000 
volts or more, but the peaking am- 
plitude is adjusted so that at some 
lower value—say 1500 volts—ap- 
preciable plate current flows, damp- 
ing the circuit or slowing the rate 
of change of current in the deflect- 
ing coils. As the deflecting-coil cur- 
rent decreases, the plate voltage 
drops to a lower value at the point 
indicated B. The peaking pulse 
should end at point B to coincide 
with the end of retrace as shown in 
Fig. 8a. When the trace begins again 
at B, the grid and plate voltages are 
at the approximate values indicated 
by the analysis used earlier in this 
article, in which the deflecting coils 
were assumed to be a resistance 
and retrace was disregarded. The 
effective damping resistance can be 
varied during retrace by - suitable 
control of the waveform of the 
peaking pulse. 


Action During Retrace 


One point should be emphasized 
in this discussion; the vertical out- 
put tube does not act like a conven- 
tional voltage amplifier during re- 
trace even though its grid-voltage 
and plate-voltage waveforms may 
be similar. The departure from am- 
plifier action is more obvious when 
the circuit performance with incor- 
rect adjustments of the peaking am- 
plitude is examined. 

Fig. 8b illustrates the effect of too 
large a peaking pulse. Because of 
the large negative grid voltage dur- 
ing retrace, there is little damping 
by the tube. Retrace is completed 
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Fig. 13: (a) Sawtooth formed with circuit of 
Fig. 12a; (b) voltage with peaking, Fig, 12b 


rapidly and the current in the 
“under-damped” circuit continues 
to oscillate while the tube is cut off. 
When the peaking pulse ends, the 
oscillations are damped out quickly 
by the tube. The disadvantages of 
too much peaking are the higher 
peak voltages developed and the 
linearity disturbance at the top of 
the picture. 

Fig. 8c illustrates the effect of too 
small a peaking pulse. The rela- 
tively small negative grid voltage 
during retrace causes the tube to 
damp the circuit excessively. In 
fact, the peaking pulse ends before 
the retrace is completed and the re- 
sultant increase in damping causes. 
a further increase in retrace time. 
Insufficient peaking may cause fold- 
over at the top of the picture be- 
cause of the long retrace time. 

For the sake of clarity the retrace 
time was shown disproportionately 
large in the waveforms of Fig. 8 
Actual plate-voltage waveforms ob- 
served in a practical vertical deflec- 
tion circuit with corresponding ad- 
justments of peaking amplitude are 
shown in Fig. 9. 

The adjustment of peaking ampli- 
tude may also be made with the aid 
of observation of vertical-retrace 
lines in the raster. The raster must 
be de-centered on the kinescope s0 
that the top of the raster is visible. 
Because the adjustments of height, 
vertical linearity, vertical fre- 
quency, and peaking are interde- 
pendent, the adjustment of peaking 
should be made with normal picture 
height and linearity, and with the 
picture synchronized. Fig. 10 shows 


three photographs ef synchronized, 


(Continued on page 88) 
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NEW EQUIPMENT. ovr one 


Relay Rectifier-Suppressor 

Type D-2906 rectifier suppressor for 
use with de relays is encapsulated with- 
in a thermosetting plastic material 


which offers complete protection from 
moisture, fungus, salt spray, and corro- 
sive vapors. The unit has two elements: 
one provides half-wave rectification of 
the ac input, the other provides a path 
for current resulting from the collapse 
of the relay coil magnetic field during 
the non-conducting half-cycle. The 
unit is rated 48 v. max. input and 5 ua 
output at 100° C. It is provided with 
three pigtails, and measure % in. in dia. 
and is 1 in. long. —International Recti- 
fier Corp., 1521 E. Grand Ave., El Se- 
gundo, Calif—TELE-TECH & ELEC- 
TRONIC INDUSTRIES 


RF Power Supplies 

Two new regulated and two new un- 
regulated bench-type high-voltage rf 
power supplies, models R-22C, R-22CR, 


R-22M, and 22MR, are unusual in that 
they can be reversed in polarity by a 
front panel lever. A further advantage 
is that they provide both positive and 
hegative output from a single power 
supply. The R-22 shown is rated 5-30 
ky, 2 pa at 18 kv, regulated to 0.5%.— 
Neutronic Associates, 83-56 Vietor Ave., 
Elmhurst 73, N.Y—TELE-TECH & 
ELECTRONIC INDUSTRIES 


Volt-Ohm-Microammeter 


Model 269 volt-ohm-microammeter 
has an ultra-sensitivity of 100,000 ohms 
ber volt. Each of its 33 ranges has been 

Customized” to meet the needs of the 
electronic and electrical industries. Its 
Measurement accuracy is 3% dec and 
5% ac of full scale deflection. To save 
time and assure accuracy, the model 
269 makes use of only a setting range 
control and an ohms adjustment con- 
trol. A pair of removable alligator clips 
and a 4,000 v. de probe extension are 
furnished. Encased in a molded bakelite 
Case, the unit is 6 in. long, 22%@ in. 


deep, and 71%, in. wide.—Simpson 
Electric Co., 5200 W. Kinzie Street, 
Chicago 44, Ill—TELE-TECH & ELEC- 
TRONIC INDUSTRIES 


Electronic Standard Cell 


An electronic standard cell which 
furnishes a stable power supply from 
a 28 v. de input has less than +0.15% 
change in output when used intermit- 
tently; and when used continuously, 
shows less than 0.1% total output 
change. Its ac ripple is less than 1 mv, 
therefore, the cell can be used with all 
types of recording oscillographs; and 
it will meet the requirements of other 
applications that require a stable out- 
put in the ranges 0—100 v and 0—30 


ot ae 


ma. The unit is well adapted to labora- 
tory use, but it is small enough to use 
as a built-in power supply for larger 
instruments.—Hastings Instrument Co., 
Inc., Hampton, Va.—TELE-TECH & 
ELECTRONIC INDUSTRIES 


Standby Transmitter 


General characteristics of the BCA 
250-watt standby transmitter, which is 
expected to find wide use in AM sta- 
tions because of its low cost and com- 


es 


pactness, are: frequency range, 540-1700 
KC; noise, equal to or greater than -40 
db below 100% modulation; distortion, 
equal to or less than 5% from 150-5000 
cps, 0-100% modulation; response, equal 
to or less than + 2db from 150-5000 
cps, from zero to 100% modulation; 
R-F load, will match loads from 30- 
300 ohms. Frequency and load specified 
by customer. Second harmonic is lower 
than 40 db below fundamental. Cabinet 
size is 50 in. high, 23 in. wide, 26 in. 
deep. Primary power for the transmitter 
requires 1400 va at 115 v, single phase, 
60 cps for average program leads.— 
Gates Radio Co., Quincy, Ill—TELE- 
TECH & ELECTRONIC INDUSTRIES 
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Electronic Thermostat 


The electronic thermostat shown was 
designed to control the Kay-Lab Loga- 
ten at 100°F. within 0.2°. A Western 


vines oes 
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Electric type 7A thermistor with a 
nominal 500 ohm resistance at 100°F., 
built into the Logaten, comprises the 
sensing element. Three 500 ohm arms, 
with one adjustable +50 ohms, enable 
exact temperature adjustment. Nor- 
mally 1 mv. of unbalance signal ap- 
plied to the phase-sensitive amplifier 
input operates the relay of the system. 
In operation, the bridge is driven by a 
4 v. winding and the relay applies 6 v. 
at 0.5 amp. to the heater.—Kalbfell Lab- 
oratories, Inc., 1090 Morena Blvd., San 
Diego 10, Calif—TELE-TECH & ELEC- 
TRONIC INDUSTRIES 


Portable Galvanometer 


According to GE engineers, alnico 
magnets used in a redesigned line of 
high-sensitivity galvanometers give a 
field of more than twice the strength 
that was obtainable with chrome steel 
magnets used before. The instruments 
are designed so that the entire coil and 
suspension element can-be removed 
from the magnetic assembly and re- 
placed by a different sensitivity sys- 
tem without disturbing the external 
connections or remagnetizing. The gal- 
vanometer element and optical system 
are in a light-weight, shock-mounted 
metal case that is approximately 
6% x 8 x 16 in. The instrument scale, 
tilted 15° for the convenience of a 
standing user, is marked 50-0-50 and 
0-100 in 1 mm divisions. The zero ad- 


justing knob enables rolling back the 
hairline to give an effective scale of 
280 mm.—General Electric Co., Sche- 
nectady 5, N.Y.—TELE-TECH & ELEC- 
TRONIC INDUSTRIES 
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Tape Recorder 


A new portable tape recorder weighs 


25 lbs. and is packaged in a 14x 12x 9 
in. aviation type luggage case. Using any 
size reel up to 7 in., the dual-speed ma- 


chine records or plays back for two 
hours max., and rewinds in approx. 
234 min. Tape threading takes only a 
few seconds. The recorder is operated 
by pushbutton controls and has a jack 
with which to attach a phonograph, 
radio receiver, public address system. 
The unit has a 4-tube built-in ampli- 
fier. Its external speaker impedance is 
3.2 ohms, and it operates 105 to 125 
v., 60 cps, ac current—RCA Victor 
Div. Radio Corp. of America, Camden, 
N. J.—TELE-TECH & ELECTRONIC 
INDUSTRIES 


Rosin-filled Solder 

The new sequence-action, rosin-filled 
solder is a solder wire coated with 
rosin over which the outer solder-sleeve 
is formed, thereby eliminating the pos- 


od 
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SOLDER ROSIN 


sibility of a rosin void. The energized 
rosin flux in “Cen-Tri-Core” flows 
ahead of the molten solder and reduces 
waste. The new construction is non- 
corrosive and electrically non-conduc- 
tive. Beyond its conformity to Federal 
Spec QQS-57lb, Par. E-2a, the new 
product has withstood 250 v de cycled 
humidity at high temperatures for 42 
days without evidence of corrosion or 
rosin breakdown. “Cen-Tri-Cor” is 
available in all alloys, diameters, and 
flux core percentages—Alpha Metals, 
Inc., 56 Waters St, P. O. Box 34, Ber- 
gen Sta., Jersey City 4, N. J—TELE- 
TECH & ELECTRONIC INDUSTRIES 


Molded Tubular Capacitor 

A highly moisture-resistant, tubular 
molded-paper capacitor uses a new 
molding compound (“Humiditite”) and 
a new stable impregnant that provides 
additional strength and holds the unit 


to rated capacity. It is said to be the 
only capacitor to have the molded tu- 
bular construction that can meet the 
minimum requirements of NIL-C91A 


(Proposed). Engineering data sheet 


TEL contains additional information.— 
Sangamo Electric Co., Marion, IllL— 
TELE-TECH & ELECTRONIC IN- 
DUSTRIES 


Memory Unit 


Model 3C1-384 includes a solid acous- 
tic delay line and the entire memory 
circuit packaged in one plug-in type 
chassis ready for installation in a com- 


puter. The unit stores 384 bits at a pulse 
rate of 1 mc. All five germanium diodes 
are grouped in a plug-in type sub-unit. 
Input voltage in write-erase gate is 
10 v. The reshaped output signal level 
is 15 v in a 100 ohm impedance load. 
All circuits are degenerated, with re- 
serve gain in the wide band if ampli- 
fier. Tuning is unnecessary. Tempera- 
ture coefficient of the quartz delay line 
is-123 parts per million per degree C. 
—Computer Control Company, 106 Con- 
cord Ave., Belmont 78, Mass.—TELE- 
TECH & ELECTRONIC INDUSTRIES 


Cable Clips 


Type 7R “Etholoc” plastic cable clips 
are made wider and heavier to hold 
cable or wire from 1} in. through 3 in. 


diameters in such electrical components 
as batteries, capacitors, etc. The clips 
are fabricated from “Ethocel,” a tough, 
ethyl cellulose material made by Dow 
Chemical Co. Information concerning 
the electrical properties of the clips is 
available—Weckesser Co., 5261 N. 
Avondale Ave., Chicago 30, Ill—TELE- 
TECH & ELECTRONIC INDUSTRIES 


Subminiature Rate Gyros:ope 
Model 7 subminiature rate gyroscope 
is 1 in. in dia., less than 2 in. long, and 
weighs 3 oz. The maximum linear oyt. 
put of the hermetically-sealed and 
temperature-compensated unit occurs 
at an input of 420° per sec. and its out. 


put resolution is better than 0.05° per 
sec. Its sensitivity is 14 mv output per 
degree per sec. The rotor speed is 
24,000 rpm requiring 6.3 v 400 cps, 3 w. 
With an ac output, the gyro is appli- 
cable to aircraft instruments, guided 
missiles, radar antenna stabilization, 
and fire control system.—Sanders Asso- 
ciates, Inc., 137 Canal St., Nashua, N.H. 
—TELE-TECH & ELECTRONIC IN- 
DUSTRIES 


Step Variable Delay Line 

Type 702 step variable delay line pro- 
duces variable time delay up to 10 usec 
and has an equal input and output im- 


pedance. The line consists of 55 sections 
of lump-parameter L-C filter networks, 
each of which is designed to give-linear 
phase-shift to 70% of cutoff frequency, 
and a Gausian shape response curve. 
As a result, the unit produces an es- 
sentially zero over-shoot and has a very 
rapid rise time. The in step time delay 
is variable from 1 to 10 psec. Charac- 
teristic impedance is 190 ohms nominal 


input and output. Rise time is less than § 


0.45 usec per step. Cutoff frequency 
1.27 mc; max. applied voltage is 500 ¥. 
peak. Its dimensions are 2 x 5% x 8 in— 
Advance Electronics Co., P.O. Box 34, 
Passaic, N.J—TELE-TECH & ELEC 
TRONIC INDUSTRIES 


Modification Kit 
A new modification kit includes «i 
cuits that are necessary to change the 
NTSC signal to the 3.58 MCIQ spetr 
fication. It is comprised of delay ei 
cuits, matrix units for I’, and Q’, and Y 
phase-corrected band-width limiting 
and rematrix circuits for use 
Telechrome Model 609-AR Encoder # 
Colorplexer—Telechrome, Inc., 84 Mer 
rick Rd., Amityville, N.Y.—TELE 


TECH & ELECTRONIC INDUSTRIB 


TELE-TECH & ELECTRONIC INDUSTRIES ° July 


S22 WX HAEBEEBESSRBBRESSTEEB PSAP BE 


ss BD 


2 


eaeu°uqgr Dw BwWomovose82 


Avr Ft Ss Ses est Te 


S. 

fM Signal Generator 

The FM signal generator 100C, repre- 
sents a new departure in signal gener- 
ator design. A novel circuit with a 


single tube is used in the rf compart- 
ment instead of the usual three or four. 
As no reactance is used, drift, which 
otherwise might result from variations 
in transconductance, is minimized. Since 
no mixing or multiplication is used, and 
the oscillator frequency is the output 
frequency, there are very few low 
spurious out puts. Low modulation dis- 
tortion, low A-M, and low hum are 
also consequent results. Leakage is 
minimized by a heavy, silver-plated, 
cast bronze cavity to enclose the rf 
compartment. A single tuning range 
covers the 25-216 mc range. An incre- 
mental dial permits precise carrier 
change—New London Instrument Co., 
New London, Conn.—TELE-TECH & 
ELECTRONIC INDUSTRIES 


Variable Frequency 
Power Supply 

Model D-50 variable frequency power 
supply is capable of supplying 500 watts 
power at 115 v. ac. A level control 


adjusts output voltage from 0 to 125 
Vv. ac. Frequency can be supplied by a 
tuning fork, or by a variable frequency 
audio oscillator capable of supplying 3 
v. RMS. The unit can be employed for 
continuous duty cycles, or for applica- 
tions such as servo-spin tables, or “G” 
tables. All circuitry and the level con- 
trol are accessible via the hinged top 
panel.—International Research Assoc., 
Div. of Iresco, Inc., 2221 Warwick Ave., 
Santa Monica, Calif—TELE-TECH & 
ONIC INDUSTRIES 


Pulse Transformers 
A new line of miniaturized pulse 
transformers for blocking oscillator ap- 
tions suitable for commercial and 
80vernment equipments are available 


in three styles: a plug-in octal base 
construction; a hermetically sealed 
MIL-T-27 construction; and, an en- 
capsulated version with a built-in 
solder seal for chassis mounting.— 
Raytheon Manufacturing Co., Wal- 
tham 54, Mass.—TELE-TECH & ELEC- 
TRONIC INDUSTRIES 


Magnetic Decision Elements 


Two new building blocks, termed “S” 
and “A,” occupy only one cu. in., never- 
theless, they are completely basic, flexi- 
ble elements with which it is possible to 
build the entire arithmetic, program, 
control, and memory sections of any 
digital computor. This whether it is a 


serial or parallel system, or whether the 
computer is a simple flip-flop or binary, 
a large-scale general purpose instru- 
ment, or a digital differential analyzer. 
Magnetic Decision Elements contain no 
electron tubes or transistors. Synchro- 
nization and power drive is derived 
from a central 200 CPS, two phase, clock 
pulse generator. The information flow 
rate is 100 CPS. Static storage in each 
element makes it possible to switch off 
power completely and retain all in- 
formation indefinitely, including the 
operations of dynamic arithmetic: 
Therefore, the “S” and “A” elements 
can be used as the complete founda- 
tion for digital computing systems.— 
The Minnesota Electronics Corp., St. 
Paul 1, Minn.—_TELE-TECH & ELEC- 
TRONIC INDUSTRIES 


Folded Hybrid 
A new folded hybrid that can be used 
in balanced mixer applications has the 
following properties in a frequency 
range from 8,500 to 9,600 mc; VSWR 
' Deities nee | 


into either arm is less than 1.2; isolation 
is greater than 40 db; power split bet- 
ter than 0.05 db. A series of new plumb- 
ing resigns are in course to enable use 
of the new folded hybrid in duplexer 
circuits—Airtron, Inc., East Elizabeth 
Ave., Linden, N. J.—TELE-TECH & 
ELECTRONIC INDUSTRIES 
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Mobile Power Generator 


A new light and power generator is 
driven by a 2 cylinder, 4 cycle type 
air-cooled engine. The unit consists of a 
5 kw ac generator which develops 60 
cycle current at standard voltages of 
110/220, single phase, or 3 phase, 
220/440, 1800 rpm. It is available with 
or without automatic voltage regu- 
lator or standard 6 v automatic type 
starting. Auxiliary hookup equipment 
is available to provide full automatic 
standby.—Katolight Corp., 624 N. Front 
Street, Mankato, Minn.—TELE-TECH 
ELECTRONICS INDUSTRIES 


Magazine Recorder 

Designed primarily to simplify the 
collection of a number of actions over 
a period of time, this monitoring re- 
corder fits into the palm of a hand. 


Nevertheless, it prints and stores a tape | 


record of two separate data traces plus 
a timing trace. The % in. electro- 
sensitive tape is uneffected by extreme 
temperature or humidity changes, and 
positively records actions separated by 
as little as 4g sec. One magazine load- 
ing will run for 8 days, or minutely de- 
tailed data may be run through in a 
few hours. All that is necessary to place 
the recorder in operation is to attach 
either a normally-open or a normally- 
closed switch to the phenomena source, 


plug connecting wires into the unit and 
plug the power line into a 110 v. out- 
let which provides power to drive the 
reels and mark the tape—Alden Elec- 
tronic & Impulse Recording Equipment 
Co., Westboro, Mass.—TELE-TECH & 
ELECTRONIC INDUSTRIES 


Electronic Liquid Level Control 


An electronic liquid level control 
eliminates hot tube failure and does not 
require floats, bellows, or other moving 
parts. Its accuracy is independent of 
pressure and temperature. The new 
Haledy TT-1 triode used needs no fila- 
ment, plate transformer, or circuitry, 
hence, requires no warm-up or standby 
current. Its unusually accurate level 
detection results from its 2% million 
amplification factor. Less than two ya 
flow through the electrodes at low volt- 
age, the system, therefore, is safe for a 
wide range of liquids and electrode cor- 
rosion is negligible—Haledy Elec- 
tronics Co., 57 William St., New York 
5, N.Y.—TELE-TECH & ELECTRONIC 
INDUSTRIES 
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Microwave Standard 

The Model 100 Microwave Secondary 
Frequency Standard provides a versatile 
and relatively inexpensive instrument 
to generate accurate test signals over 


the extremely wide range of 200 to ap- 
proximately 11,000 MC without any fre- 
quency tuning. It delivers to the 50 ohm 
input of a typical microwave receiver 
an uninterrupted series of CW signals 
paced every 100 and 200 MC over the 
complete frequency range, and 50 MC 
marker output useful up to approxi- 
mately 9000 MC. These signals are all 
delivered simultaneously without any 
frequency tuning. Frequency accuracy 
is +0.005%. Tube complement includes 
12AU7, 6AK5, 5763, 5Y3GT and 1N23B. 
Dimensions of 16-lb. unit are 8 x 8 x 16 
in.—Presto Recording Corp., P. O. Box 
500, Paramus, N. J.——-TELE TECH & 
ELECTRONICS INDUSTRIES 


Electronic Relay 


An electronic relay which is highly 
sensitive to resistance changes and can 
be varied by a stepless dial, may be 
used to start or stop a fractional horse- 


power motor directly when a contact- 
making meter reaches a required read- 
ing. Other uses include liquid-level and 
sorting controls, solenoids, and contrac- 
tors wherever there is sufficient change 
in the resistance of a circuit. Two 
single-pole double-throw contacts per- 
mit control of independent systems, and 
simple jumper change sets the relay for 
normal or reversed operation. Power 
requirements are 115/230 volts ac, 50/60 
cycles, and should not exceed 10 volt- 
amperes. The time delay, depending 
somewhat on the dial setting and the 
external resistance value, is rated at 5 


70 


milliseconds minimum. The relay en- 
closure is weather resistant and meas- 
ures approximately 10 x 6% x 4% in. 
—General Electric Co., Schenectady 5, 
N. Y¥.—TELE-TECH & ELECTRONIC 
INDUSTRIES 


Precision Potentiometers 
Linearity of 0.01% is a feature of the 
Series 3500 ten-turn Potentiometer, now 
available in production quantities. Re- 
sistance range is 2000 ohms to 300,000 


ohms with a standard resistance toler- 
ance of +1%. Lower resistance values, 
down to 500 ohms, are available at re- 
duced linearity (0.02%). Electrical and 
mechanical rotation may be specified 
to any value between 360° and 3780 
+ 1° (linearity tolerance of 0.01% is 
based on 3600° rotation). A built-in 
trayeling nut type limit stop is a stand- 
ard feature. This unit may be servo or 
panel mounted. Its torque and inertia 
characteristics are adapted to servo re- 
quirements. The case is accurately con- 
centric with the shaft so that the unit 
may be cradle-mounted and driven dif- 
ferentially—Birklan Corp., 200 E. Third 
St, Mt. Vernon, N. Y.—TELE-TECH 
& ELECTRONIC INDUSTRIES 


Audio Frequency Amplifier 
Heavy-duty audio frequency ampli- 
fier type 101-D will provide long serv- 
ice with a minimum of maintenance in 
railroad yard, warehouse, and depot 
paging systems. The unit delivers 50 
watts of power with less than 3% total 
RMS harmonic distortion from 100 to 
8,000 CPS; and its frequency response 
is flat within 1 db from 30 to 15,000 
CPS. A filter restricts output to the 
voice band range when required. Also, 
provision is made for working load im- 
pedances within 1 to 1000 ohms. The 
load may be balanced or one-side 
grounded, as load windings are fully 
grounded. The type 101-D can be 
stacked, and matched or bridged across 


a telephone line, or used with a choice 
of preamplifiers to match several types 
of microphones, or phonograph or tape 
reproducers.—Langevin Manufacturing 
Co., 37 W. 65th St., New York 23, N.Y. 
—TELE-TECH & ELECTRONIC IN- 
DUSTRIES 


Digital Recorder ‘@ 
Digital recorder, model 960, records 
up to eight digit numbers per sec, an 
is designed for use with any equipment 
which provides a binary coded decimg 


indication. Data is recorded on elec- 
trosensitive paper by groups of four 
styli. An intermittent drive system pro- 
vides data input paper advance control 
at recording speeds below 10 per sec. 
Intermittent motion automatically 
merges into continuous drive above 10 
records per sec. Continuous drive can 
be also independent of input data. Paper 
speed is adjustable from 2.5 to 20 in. 
per sec. Paper rolls, 4% in. x 400 ft, 
enable 50,000 recordings without reload- 
ing. Standard unit incorporate 20, 26, 
or 32 styli. Dimensions are 174% x 12% 
< 16% in. Power input is approx. 300 
watts.—Potter Instrument Co., 115 Cut- 
ter Mili Road, Great Neck, N. Y— 
TELE-TECH & ELECTRONICS IN- 
DUSTRIES 


Precision Miniature Connectors 
Light weight connectors are avail- 

able in a newly-developed line which 

have from one to 100 contacts. To assure 


maximum conductivity, the contacts” 
are gold plated over silver, and a float- 
ing feature of their design facilitates 
engagement and disengagement. Pre- 
cision molded melamine bodies with 
raised barriers resist arcing and heat 
and provide longer creeping paths. 
Male and female guides assure positive 
polarization. The new connectors are 
especially suited to installations where 4 
high voltages are required and com yi 
pactness and light weight are essential. 
—Gorn Electronics, Div. of Gorn Elec 
tric Co., 875 Main St., Stamford, Cont 
—TELE-TECH & ELECTRONIC IN- 
DUSTRIES 
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Sub-minicture socket? 
for small button sub- 
minar 8 pin base T3 


| 
xne Standard ) Sar 


to chassis and for print- 
ed circuits. 


Seven pin stem type for tubes 
vertically mounted. 


EXCLUSIVELY AT CINCH; 


indicates the wide scope and myriad of varia- 
QUANTITY PRODUCTION OF 
and re-designing possible with Cinch background 
gf socket production experience. LOW LOSS MICA COMPONENTS. An adequate and 
= unequaled facility for quantity production and 
ae prompt delivery . . . and the constant demonstra- he 
% <a tion of ability to hold tolerances on Mica mold- | 
el ings, meeting the most exacting requirements in iy 
= (Receiver, Transmitter and small metal plastic assemblies for components 
- Special) : Battery, all types of higher quality materials held to closer toler- 
3 ances...has advanced CINCH to the foremost 
4 ty Tube as a producer of low loss Mica components. 


CINCH with ample physi- 
cal properties, space and 
production facilities is 

producing many varia- 
tions of standard elec- 
tronic components for 
military use. 


Gloss Type; 4 to 7 prong laminated 
Infra-red Ray Tube 
High Altitude Airborne Types 


Kinescope; Magnal, Duodecal, 
Diheptal 


ne ereve Neval- 
_ Octal (Molded bakelite, steatite, pare 
teflon, Kel-F and laminated) 


Rixicon 

Printed Circuit 

Special Sockets to Specs 

Sub-Miniature; Hearing Aid Types 
TV; 11 0V Circuit Breakaway 

Pencil Tube Transistor 


Cinch Electronic 
components are 
available at lead- 
ing jobbers — 
everywhere. 


Becnct organization is flexible, 0 adapted to 
any electronic component requirement . . . in military 
® commercial emergency. 


CONSULT CINCH 


MAH NCO CincH MANUFACTURING CORPORATION 


ECTRON 
ELECT EMTS 1026 South Homan Ave., Chicago 24, Illinois 


Subsidiary of United-Carr Fastener Corporation, Cambridge, Mass. 
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4 Bete Se PICTURE, SOUND, ORDER WIRE, 
L = REMOTE CONTROL—ALL ON 
{ : — YOUR OWN TV MICROWAVE LINK] ¢ 
: y i - ¥ : TV Broadcasters! Now you can have your own Philco 
: : Microwave Relay to link your remote transmitter toa jf — 
: : _: studio or distant pickup point. Over a single microwave 
a : . 4 path, you can transmit program picture and sound, order } ha 
iF : 4 wire and cueing circuits—even remote control signals, if 
; we you desire. With Philco Microwave you will enjoy the same 
i 4 xe reliability and high fidelity transmission characteristics of 
, if : microwave network installations. Here is better program 
: quality at minimum cost. Investigate Philco high quality 
TV Microwave Relay Equipment. 
: - a ) CHECK THESE PHILCO FEATURES: 
i: i e Full-fidelity Five Megacycle Video Bandwidth. 
e High Gain, Interference-free 6000-7000 MC Band. 


e Long Distance, Multi-hop Relaying. 


be e ‘Power House” Klystron... Full Watt Output . . . Lift 
% Expectancy 10,000+ Hours. 

F e Excellent Frequency Stability. 

i Philco TV Relay Transmitter Equipment. 3 

| re 2 VRS Rep ot ¢ Built-in Metering and Test Jacks for All Major Circuits 
4 


PALL CG CORPORATION 


A REVOLUTIONARY NEW 
FILM PROGRAMMING 
SYSTEM 


This new Philco TV Film Scanner will put realism 
and life into your film programs... It will build 
audience acceptance surpassing anything you 
have ever experienced with conventional film 
projection systems. Developed by Philco, this 
unique Film Scanner is a complete, yet inex- 
sive program source for both film and slides. 
t is quiet, compact and easy-to-operate. New 
design principles employing continuous film mo- 
ion and flying-spot scanning techniques result in 
superb film reproduction and greatest reliability. 
Film motion is continuous and smooth . . . result- 
in greater film life and utmost dependability. 
oreover, this Philco Film Scanner is adaptable 
to any color system or any TV standard. 


CHECK THESE PHILCO FEATURES: 


‘Operates at any Film Speed...Can Project 
tionary Frames. 

*Cold Illumination Source—No Film Burning. 

* Smooth Film Movement . .. Reduces Film Wear. 

. Distortionless Optical Compensation for Film 

age. 
* Automatic Film Registration and Extreme Pic- 
ture Steadiness. 

*Shading Adjustments Eliminated by Flying- 

t Scanner. 


Philco 35 mm Film Scanner. 


$i DG BT aan 


NMI TN 6 ARMOR IAL SE: 


creteen 


WASHINGTON 
Mews Letter 
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Latest Radie and Communications News Developments Summarized by TELE-TECH'’s Washington Bureau 


‘BETTER TV STATIONS—Television stations to be 
approved in future by FCC will be headed by leading 
substantial members of the communities involved under 
the new processing program of the Commission. “Strike” 
applicants who interposed last-minute applications to 
delay authorizations of stations will not gain the right 
of consideration. This should definitely result, in the 
opinion of competent observers of the growth of tele- 
vision, in the television stations, sponsored by the more 
qualified applicants, being approved by the FCC. This 
also will mean future television stations will be stronger 
financially and will render excellent video service to 
their communities. 


SPEEDIER GRANT PLAN—Merger between com- 
petitors for TV stations on a time-sharing basis under 
the new FCC processing rules has already. produced 
prompt action by the FCC in the authorization of tele- 
vision stations to get on the air in a swift fashion. 
The FCC approval of a new “merged” TV station appli- 
cation has come in the matter of a few days, generally 
a total of three working days, instead of months of delay. 
In the case of applications of competing stations where 
one or more drop out and leave a single applicant, 
which had gone to hearings, the FCC in another medium 
of expediting station authorizations now permits the 
examiner to certify the hearing record directly to the 
Commission for its immediate action. 


STANDARDS SOON—The FCC with the support of 
leading members of Congress is slated in July to formu- 
late the engineering standards for color television on a 
compatible all-electronic basis. RCA has prepared for 
experimental FCC authorization for the transmission of 
color TV programs on networks to obtain the reaction 
of viewers to color pictures as seen on black-and-white 
screens. While mass production and sales to the public 
may not come for a year, color television definitely has 
reached a stage of progress where it will become a 
major facet of telecasting in the immediate future. 


DEFENSE DEPARTMENT—Responsible sources 
have discounted rumors circulating in Washington that 
the Defense Department reorganization will go so far as 
to consolidate communications operations of the three 
branches of the armed forces in one service. Some specu- 
lation has it that the Army Signal Corps, for example, 
would take over operating responsibilities of the Air 
Force and Navy, as well as the Army. These sources say 
that such a proposal has been considered in the past and 
then discarded. 


74 


COMMUNICATIONS POLICY—Government offi- 
cials have gradually been getting down to cases on policy 
and personnel, but many critical matters remain unset- 
tled. With several plans under study, the coming six 
months are seen as the most significant since the war. 
Study of such agencies as the Defense Department, FCC 
and Rural Electrification Administration shows a rela- 
tive lack of concrete developments in recent months, with 
specific actions awaiting staff changes and policy deter- 
minations. 


ESSENTIALITY RECOGNIZED—The armed serv- 
ices were felt to recognize the essentiality of the uses 
of radio and radar by the petroleum industry so that 
“it is unlikely that this use would be disturbed by the 
military even in a national emergency.” This was em- 
phasized in a report of a special committee of the Na- 
tional Petroleum Council which was recently submitted 
to the Defense Department and the Department of the 
Interior. However, the committee brought out that ex- 
cept for limited use of three Shoran frequencies all 
of the radio frequencies now used by the petroleum 
industry are non-military frequencies. Since continued 
expansion of existing petroleum radio and radar sys- 
tems as well as installation of new systems can be 
expected, the petroleum industry group warned 
channel-splitting and time-sharing must be used. 


MANUFACTURERS RADIO SERVICE—Estab- 
lishment of a separate manufacturers radio service in 
the mobile and microwave fields has been proposed to 
the FCC by a group of 65 major manufacturers in the 
United States. The committee, headed by Chairman 
Herbert E. Markley of the Timken Roller Bearing Co. 
of Canton, O., stressed that the present special indus- 
trial radio service is inadequate in the provision of fre- 
quencies for the needs of the manufacturers. This is 
particularly applicable, the committee cited, with re- 
spect to free and uninterrupted use of existing mobile 
systems, the availability of microwave frequencies for 
point-to-point communications, and multiple-frequency 
use. The FCC plan of one frequency to a special indus- 
trial user, unless a special showing of need is made, 
also introduces a factor of inflexibility in the planning 
of radio systems by the larger departmentalized manu- 
facturers. 


ROLAND C. DAVIES 
Washington, Editor 


National Press Building 
Washington, D. C. 
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Send for FREE copy Today! 


STUPAKOFF CERAMIC & MANUFACTURING CO. 
Latrobe, Pennsylvania 
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From 


SUBMINIATURE 
to HEAVY DUTY 
From 
MILLIWATTS 

to KILOWATTS 


Whatever the DC requirement 


there’s a Federa J 


Now SELENIUM RECTIFIER 


Federal Offers ony 
ENCAPSULATION 0 40 the job! 


OF SELENIUM RECTIFIER STACKS FOURTEEN years ago Federal introduced the selenium rectifier to America’s elec- 


\ h tronic engineers and product designers. 
—plus other components Today, tens of millions of these versatile AC-to-DC power conversion units 


A Sey are at work in almost unlimited fields of application . . . from subminiatures 
nother Federal ‘“‘First’’...a feeons i 
unique development in compo- with milliwatts of output to heavy duty stacks for the biggest DC-operated 
ee that pte the ep. equipments. 

icati tifiers an . Z ae ‘ 
opens to industry shart concept Here’s proof of the high quality built into Federal’s compact, economical, 
in Military Equipment Design. long-life, fully inert selenium rectifiers... here’s proof of their efficiency and 


dependability in consumer, industrial and military power conversion jobs! 

Write Federal today for information on your rectifier requirements... 

Applications range | Whatever the size, type or rating. Give your design the benefit of the re- 
from tiny rectifiers search, engineering and manufacturing skill that pioneered the selenium 
sat pom epee anid rectifier... and now keeps “Federal” the standard of industry! Address 


er supplies. Dept. F-446A. 


America’s oldest and largest manufacturer of selenium rectifiers 


Federal Telephone and Radio Corporation 


SELENIUM-INTELIN DIVISION 100 KINGSLAND ROAD, CLIFTON, NEW JERSEY 


In Canada: Federal Electric Manufacturing Company, Ltd., Montreal, P. @ 
Export Distributors: International Standard Electric Corp., 67 Broad St., N.Y 
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True Hermetic Soal 
for Traneiefor and 


Diode Housings 


HERMETIC offers the follow- 
ing enclosures selected from a 
wide variety of available designs: 


It is axiomatic that the only true hermetic seal is a 


STANDARD 
TRANSISTOR 
HOUSING 


Pat. 2577576 


glass-metal seal. This has been demonstrated in 
vacuum tube design and operation. 


In the development of transistor and diode housings, 
HERMETIC has employed the same principles as those 
proven in the manufacture of vacuum tubes and has 
eliminated the necessity of using the. high sealing 
temperatures so detrimental to the performance of 
semi-conductors. 


HERMETIC’s long years of experience in the design and 4H 
production of hermetic seals have enabled its. staff of 
specialist-engineers to create glass-metal housings to 
meet the most demanding requirements of the semi- 
conductor industry. HERMETIC’s Transistor and Diode 
Housings have received wide acceptance and usage in 
the field. 


Shown Actual Size 


HERMETIC’s glass-metal seals of compression or 
standard design are known to be vacuum tight, 
moisture proof and contaminant proof by mass 
spectrometer tests and by virtue of years of suc- 
cessful operation. 


Pyeea - 
CUS TRAM CIT TUS, AGERE MANN NEM be Oe 


— 
Oa TO AS REVUE SAREE Es PERE 


- Because the production pace of the semi-conductor 
industry is a swift one, HERMETIC has geared 
Te . itself to produce and deliver in accordance with 
\ : its customers’ schedules. : 


, Contact HERMETIC today! 
DIODE 
HOUSING 


THE EXPERIENCED SOURCE for TRANSISTOR and DIODE HOUSINGS 
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ORDER YOUR 


5 
4 


ATION 


IBUTOR OF AMPEX 


ENGLAND AND UPPER NEW YORK STATE! 
ee ' SEE MAP. 


/ 


~SEE AMPEX ADVERTISEMENT ON FACING PAGE 
~ FOR-DESCRIPTION-OF EQUIPMENT. WRITE 


4 


=~" TO RADIO, SHACK CORPORATION TODAY 
FOR COMPLETE SPECIFICATIONS AND PRICE. 
ae Pl 


Our engineering services are free. Let Radio 
Shack Corporati6n’s Ampex-factory trained 
personnelhelp you in the planning, design 
‘and servicing of the Ampex recording equip- 
ment you require for industrial, military, 
scientific and broadcast use. Naturally all 
Ampex special models and accessories are 
also available from Radio Shack, as well as 
the complete line of “Scotch” brand magnetic 
tape, regular and telemetering type; bulk and 
tank degaussers, tape splicers, empty reels 
and hubs. All leading makes of microphones, 
amplifiers and speakers for use with Ampex 


equipment. 
FREE! 


WORLD'S MOST 
AUTHORITATIVE 
CATALOG OF 
ELECTRONIC 
SUPPLIES 


224 pages! Over 30,000 items! 


’ A must for every electronics en- 
gineer and lab! 


RADIO SHACK 


ApaTr’T 
U 


ORA 


CORP 


Boston 8, Mass. 


167 Washington St 


CONTRACT AWARDS 


This list comprises electronic contracts awarded 
by the government during May and June, 1953 


Headquarters, Air Material 


Command, Wright- 


Patterson Air Force Base, Ohio 
Control Panels $128,400 The Vendo Co. 
Power Supply $ 28,110 Hoffman Labs. Inc. 


Relay Resistor Boxes $238,508 Scintilla Magneto 


Div., Bendix Avia- 


tion Corp. 
Machmeters, Spare $256,283 Kollsman Instru- 
ment Corp. 
Regulators, Aerno $794,861 Westinghouse Elec- 
tric Corp. 
Computer & Trans- Kollsman Instru- 
mitters $266,625 ment Corp. 


Navy Department, Bureau of Aeronautics, 
Washington, D. C. 
Bendix Aviation 


Corp. Eclipse- 
Pioneer Div. 


Turn & Bank 


Indicators $ 65,641 


Manifold Pressure 


Al ; Bendix Aviation 
r'ransmitters 


Corp. Eclipse- 
Pioneer Div. 


$ 32,846 


Control Amplifiers, 


1 General Electric Co. 
Indicators 


$1,482,215 


Generators $ 25,636 


General Electric Co. 


Wind Velocity Bendix Aviation 


Indicators $108,193 Corp., Friez Instru- 
ment Div. 
Frequency Con- American Electric 
verters $ 60,165 Motors, Inc. 
Altimeters $179,040 Kollsman Instru- 
ment Corp. 
Controls $8,715,049 General Electric Co. 


Accelerometers $95,550 The Tackner Co. 


Office of the Contracting Officer, Air Force 
Missile Test Center, Patrick Air Force Base, 
Florida 


$ 34,950 Audio & Video 
Products 


Recorders 


Gentile Air Force Depot, Dayton, Ohio 


$122,544 Hewlett Packard Co. 


Telectro Industries 
$177,700 Corp. 


Computers 


Computer Calibra- 
tors 


Oakland QM Procurement Agency, U. $. Army, 
124 Grand Ave., Oakland, Calif. 


Solder,soft $ 42,543 re Solder Prod. 
0. 


Electron Diffraction 


n Di University of Michi- 
Investigation gan 


$ 29,500 
Contracting Branch, Holloman Air Development 
Center, New Mexico 


Computers, analog $103,000 ee Aircraft 
orp. 


Multiplier units $ 42,500 Goodyear Aircraft 
Corp. 


Function generators $ 18,000 Goodyear Aircraft 
Corp. 


Electronic Supply Office, Building 2-B, 
Great Lakes, Ill. 
$176,400 Raytheon Mfg. Co. 


$ 32,503 Guardian Electric 
Mfg. Co. 


Tubes 
Relays 


Bureau of Ordnance, Washington, D. C. 


$256,100 Bendix Aviation 
Corp., Montrose 
Division 


Synchro Controls 


Rome Air Force Depot, Griffiss Air Force Base, 
Rome, N. Y. 


Plug-in Coil Drawers $ 94,571 Technical Material 


Wire $2,547,000 American Insulated 
; Wire Corp. 
Amplifier Couplers $ 75,867 New London Instru- 
ment Co. 
Spectrum Analyzers $ 25,470 So ag Electronics 
orp. 


Supply Office, Portsmouth Naval Shipyard, 
Portsmouth, N. H. 


Switches, rotary 
selector 


Switches, rotary 
selector 


Switches, rotary 
selector 


$ 37,843 
$187,688 


$ 40,049 


U. S. Instrument 
Corp. 


Federal ProductsCo, 


Lovell-Dressel Co., 
Inc. 


Aviation Supply Office, 700 Robbins Avenue, 
Philadelphia 11, Pennsylvania 


Cable $2,726,429 
Actuators $187,562 
Detectors $ 42,020 
Switch & Trans- 

mitters $ 28,368 
Indicators $ 63,503 
Frequency Meters $105,049 
Indicators for 
aircraft $ 40,513 
Crystal Units $ 41,390 
Generators $ 40,447 
Relays $ 84,739 
Radar Test Sets $121,594 
Actuators for 
Aircraft $125,320 
Recorder- 

Reproducers $ 41,851 
Plug-Receptacles $ 46,020 
Plug-Receptacles $ 28,147 
Test Oscillators $ 26,595 
Antennas $ 34,329 
Microphones $ 47,535 
Amplifiers, calibra- 

tors $ 34,425 
High voltage insula-_ - 

tion $ 40,577 
Meters $ 54,012 
Generators $ 96,654 
Generator & Exciter 

Controls $649,189 
Amplifier Assembly $ 35,730 
Cell Type Screen 

Rooms $ 46,652 
Relays $ 32,518 
Voltmeters $ 77,585 
Indicators, trans- 

mitters $ 75,729 

Alternators $172,171 
Signal Generators $ 29,352 
Regulators $ 29,579 
Regulators $ 39,283 


General Cable Corp. 
Breeze Corp. Inc, 


Safe Flight Instru- 
ment Corp. 


Eclipse Pioneer 
Div., Bendix Avia- 
tion Corp. 


Eclipse Pioneer 
Div., Bendix Avia- 
tion Corp. 


Radio City Products 
Co., Inc. 


Kollsman Instru- 
ment Corp. 


Collins Radio Co. 


Hewlett-PackardCo. 


The Hartman Elec- 
tric Mfg. Co. 


Garod Radio Corp. 
Gilfilian Bros., Inc. 


Pierce Wire Re- 
corder Corp. 


American Phenolic 
Co. 


General Electric Co. 
Hewlett-PackardCo, 
N:S.T. Corp. 

The Roflan Co. 


Simmonds Aeroces- 
sories, Inc. 


Transitron, Inc. 


Hewlett-PackardCo. 
General Electric Co. 
General Electric Co. 


Engineering & Re- 
search Corp. 


Shielding, Inc. 


The Hartman Elec- 
tric Mfg. Co. 


Millivac Instrument 
Corp. 


The Liquidometer 
Co. 


Bendix Aviation 
Corp., Red Bank 
Div. 

Aircraft Radio Corp. 
Bendix Aviation 
Corp., Red Bank 
Div. 


Eclipse-Pioneer Div. 
Bendix Aviation 
Corp., Teterboro, 
N.J. 


Bureau of Ships, Washington, D. C. 


Accessories set 
Acoustic 


Accessories set 
Magnetic 


Computer-Indicators $743,821 


$ 32,328 


$174,911 


J. R. Feeney 


Needham Manuf. 
Co. 


Specialty Assem- 
bling and Packing 


Co., Inc. 
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TAPE DUPLICATION GOES INTO 
“MASS PRODUCTION” 


with the NEW AMPEX Tape Duplicator 


Whether you need thousands — or just a few at a time, high fidel- 

ity duplicate tapes can now be produced at a cost comparable to disc 
recordings. The extraordinary fidelity inherent in a good master tape 

is retained in the duplicates to as high a degree as a sensitive ear can dis- 
cern. The AMPEX Tape Duplicator is easy to set up, simple to operate 
and produces up to 80 hours of duplicate performance 

in 15 minutes operating time. 


Duplicate tapes open new opportunities 
RADIO BROADCASTING—“Tape networks” and programming 


services become practical supplements or alternatives to line networks. 


BACKGROUND MUSIC—Tape becomes the best medium for 
background music in that it provides higher fidelity, longer 
playing and lower attendance costs. 


RECORD MANUFACTURE — With mass duplication of tapes now 
feasible, all performances currently sold on Lp records 
can also be offered on tape. 


EDUCATION — Systemwide duplication and distribution of educational 
tapes, music and outstanding school performances becomes practical. 


COMMERCIAL DUPLICATING SERVICES — With this efficient 
equipment now available, excellent business opportunities 
exist in setting up tape duplication services. 


Features of the AMPEX Tape Duplicator 


¢ One to ten simultaneous duplicates (slave recorders can be 
purchased one at a time as needed) 
Time saving speedup during duplication (as much as 32 to 1) 
*15,000 cycle response on 7% in/sec. duplicates 
*45 to 50 db signal-to-noise ratio 
Duplicate tapes of any standard speed from any master 
Single or double track duplicates in one pass 
Any standard reel sizes up to 14-inch 
Centralized pushbutton controls 

*From master tapes of suitable quality. 


ee * ° . . e 


for further information; Dept. U-12014 | MAGNETIC RECORDERS 


Ampex ELECTRIC CORPORATION « 934 Charter Street » REDWOOD City, CALIFORNIA 
Distributors in principal cities 


‘ 


___TELE-TECH & ELECTRONIC INDUSTRIES * July 1953 


~ > 


PN RGRE NE cee PS AE EE INE SAS TELE ERIN IE AMEN LIE A ALT 


_ ¢ a2 
ASRS Nac A ER 04 I 


Ce te 


Ro 
a 
SB 
ri 
“Be 

a 
yy 
Be 

. 

a 
Rela 
¥ 
be 
Bf 
bk 
es 
p 7 
tt 
i 
i 
yf 
B 
“ 
a 
WW 

: 


Aah ba Papa 


Sa 


alice Rl on oan ae eee al RS 
aoe + FIRES RS 


Automatic Flight Control 
with Air Force Device 

A new device developed for the 
United States Air Force which en- 
ables an aircraft to take off, fly on a 
prescribed course to a given destina- 
tion and then land—all without a 
human hand touching the plane’s 
controls—was announced by Minne- 
apolis-Honeywell Regulator Com- 
pany and Air Research and Develop- 
ment Command Headquarters. The 
device, called an Automatic Master 
Sequence Selector (AMSS), operates 
on the familiar punched-tape prin- 
ciple to program the functions of 
the autopilot and the air-speed con- 
trol. When used with this other elec- 
tronic equipment, the “brain” forms 
a robot “pilot” which practically 
places the human pilot in a monitor- 
ing role throughout an entire flight. 

The “brain” takes over many of 
the duties normally performed by a 
human pilot by “memorizing” a 
flight plan from punched tape, and 
then converting information from a 
myriad of instruments, sensors, com- 
puters and navigational aids into 
electrical impulses that go to the 
plane’s autopilot and airspeed sys- 
tems to carry out the plan. 

Here’s how the robot works: A 
flight plan is made out in advance. 
The plan is divided into sequences; 
that is, one sequence for taxiing 
down -the runway, another for take- 
off, a third for climbing after the 
plane is airborne, and so on. This 
flight plan then is punched into tape 
by means of a special coding device 
developed by Honeywell for use with 
the AMSS. In operation, the punched 
tape is fed through the AMSS in 
much the same manner that music 
rolls were run through the old fash- 
ioned player piano, except that the 


Keith Bulleyment (1) and Ray Michel, Honeywell 
engineers, examine automatic sequence selector 
which employs punched tape for flight 


- 


motion is intermittent—one sequence 
at a time. 

The robot’s mechanism is housed 
inside a cabinet about the size and 
shape of a large table-model tele- 
vision set. Among the parts are 430 
metal pins located in the sensing ele- 
ment. As the tape moves through 
the AMSS, these metal pins drop 
down on it and search out the 
punched holes. Where there are 
holes, the pins make electrical con- 
tacts, and these in turn are con- 
verted into signals that operate the 
plane’s controls. 

The device is designed so that a 
human pilot aboard can keep tab on 
the over-all progress of the flight at 
all times. It is also designed so that 
he can take over manual control in- 
stantly, should he desire to because 
of an emergency, such as mechanical 
failure or unforeseen obstacles in 
the flight path. Thus, if the plane 
ran into an unexpected storm, the 
human pilot would be able to take 
control, fly around the storm, return 
to the original course, and turn con- 
trol back to the robot. 

An engineering model of the 
AMSS already has been delivered to 
the Flight and All-Weather Testing 
Directorate at the Air Research and 
Development Command’s Wright Air 
Development Center, Dayton, Ohio, 
for whom it was built, and is now 
awaiting flight test. It was this 
United States Air Force unit which 
made flight history in 1947 by flying 
a C-54 across the Atlantic without 
human hands touching the controls. 


Theatre TV 

The technical. paper, “Engineering 
Plans for Theatre TV,” was presented 
by Albert J. Forman, assistant editor 
of TELE-TECH & ELECTRONIC IN- 
DUSTRIES, on June 16 at the AIEE 
Summer General meeting held in At- 
lantic City, N. J. The development of 
the medium was traced from initial re- 
search in 1928 to the existing installa- 
tions valued at $2.5 million, with an- 
other $1 million of equipment now on 
order. Around the early part of the 
year there were 108 theatres equipped 
in 56 cities in 32 states, in addition to 
installations in the Pentagon, U. S. 
Naval Academy and several manufac- 
turing firms. Included among the com- 
panies reported to be producing theatre 
TV equipment are Air Marshall Corp., 
General Precision Labs., Paramount 
Pictures, RCA Victor, Skiatron, Tele- 


. chrome, Trad Television, and 20th Cen- 


tury-Fox. The technical specifications 
for a complete theatre TV network pre- 
sently under consideration by the FCC, 
was described. These include the fol- 
lowing standards: a 735-line picture; 
10-MC video bandwidth; frequency 
modulation for the picture carrier; and 
transmission of sound by a pulse-width- 
modulated pulse on the back porch of 
the horizontal sync signal. 


Note: A limited number of reprints of 
“Engineering Plans for Theatre TV” 
are available to readers upon written 
request on company letterhead. 

oe aes : 


Clarence A. West, an RCA engineer, holds the 
transistorized grid-dip oscillator developed as 
a private project. Unit, shown in inset, meas- 
ure 5 x 24%, x 21%, in., consumes only 25 mw 


Transistor-Grid-Dip 
Oscillator 


Development of what is believed the 
first grid-dip oscillator using a tran- 
sistor and covering the five major 
amateur radio bands was reported by 
the Tube Dept. of RCA Victor. This 
experimental electronic test instrument 
is built around a single RCA-2N33 
point-contact transistor and is powered 
by a miniature 22%4-volt hearing aid 
battery. The device was developed as 
a private project by Clarence A. West, 
an amateur experimenter who operates 
amateur radio station W21YG. The 
complete unit, together with power sup- 
ply, is contained within a metal casé 
measuring only 5 in. high, 2% in. wide, 
and 2% in. deep. The instrument's 
power consumption is only 25 mw. 
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Regardless of conditions - 
BLAW-KNOX CAN BUILD YOU 
A BETTER TV TOWER 


Years of experience—more than four decades, in fact— 
have given Blaw-Knox the edge in designing, fabricat- 
ing and erecting antenna towers for any purpose and 
any location. Blaw-Knox TV towers are on the job in 
widely separated geographical areas...in wide open 
fields, atop buildings in crowded cities and even 
grounded in salt water. Some have TV antennas 
already mounted—others have built-in provisions for 


TV when licenses are granted—all are heavily galvan- 
ized for longer life. 


Whether you need a 100 ft. self-supporting structure or 
a 1000 ft. guyed tower to meet your requirements— 
whether for AM, FM, TV or Microwave—vwrite or call 
today for capable engineering assistance with your plans. 
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...in just 0.8 seconds your contact is made... 


-ooWHEN YOU ADD HAMMARLUND 
Selective Calling Equipment 
to Mobile 2-Way Radio Systems 
«eeAND it means 


PRIVACY...QUIETNESS...CONVENIENCE 


Privacy, speed, quietness and con- 
venience become an accepted part of 
day-in-day-out operations of 2-way 
radio systems used to control large 
fleets of emergency service or com- 
mercial vehicles, or distant fixed sta- 
tions, when Hammarlund Selective 
Calling Equipment is added. 

By the push of a button the dis- 
patcher selects within 0.8 seconds 
the vehicle, remote station, or group 
of receivers which he wants to con- 
tact. Only the selected operator or 
group of operators can receive the 
call. 

If a radio operator is away from 


his station when a call comes in, an 
indicator light will be turned on to 
show he was called while absent. 
For police and other emergency ve- 
hicles the horn or other alarm can 
be remotely activated to summon 
drivers whose work has taken them 
from the immediate vicinity of their 
cars. 

Write today to the Hammarlund 
Manufacturing Company for de- 
‘scriptive information about this 
selective calling equipment that 
was. engineered to produce new 
benefits for you from your 2-way 
radio system. 


Wy HAN MARLUND 


HAMMARLUND MANUFACTURING CO., INC. 


460 WEST 34th ST. 


* NEW YORK 1, N. Y. 


e PERSONAL 


Eugene M. Keys has been named 
president of the Edwin I. Guthman Co, 
Chicago, Ill. Mr. Keys joined the com- 
pany in 1942. In 1945, he was made 
sales manager; then elevated to the 
salesmanagership in 1947. In 1951, he 
became vice president in charge of 
sales. He was made executive vice pres- 
ident of the company in 1951. 


W. Walter Watts, former vice pres- 
ident in charge of the Engineering 
Products Department, was _ recently 
elected vice president in charge of 
Technical Products of the RCA Victor 
Div. of Radio Corporation of America. 


W. Walter Watts 


Mr. Watts, who joined RCA after war- 
time service with the Signal Corps Dis- 
tribution Agency, will supervise the 
Engineering Products Department and 
the Tube Department. Theodore A. 
Smith was concurrently elected vice 
president in charge of the Engineering 
Products Department. Mr. Smith, pre- 
viously assistant manager of this de- 
partment joined RCA’s Technical and 
Test Laboratories at Van Cortland 
Park, New York in 1925. 


Dr. Constantin S. Szegho was re- 
cently appointed vice president in 
charge of research by the board of di- 
rectors of The Rauland Corp., Chicago, 
Ill. Dr. Szegho has been director of 
research since he joined the Rauland 
staff in 1942. Before his arrival in 
America in 1940, he was chief of the 
vacuum laboratory for Baird Televi- 
sion, Ltd., London, following several 
years research under Prof. W. Rogow- 
ski, the German electrophysicist. 


Rodney D. Chipp, director of engi- 
neering for the Du Mont Television 
Network, succeeds T. Ralph Leadbeater, 
director of safety for Todd Shipyards, 
as president of the Technical Societies 
Council of New York, Inc. whose 25,000 
engineering and scientific societies in 
members represent virtually all the 


(Continued on page 84) 
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MDUSTRIAL CONTROL 


NOW — precise electronic control at lower cost 
with the new RCA-6012 gas thyratron 


Expressly designed for industrial control 
applications, the new RCA-6012 gas tetrode 

res the ruggedness necessary to with- 
stand rough industrial usage. It has the addi- 
tional advantages of low cost and nation- 
wide renewal distribution...both of impor- 
tance to the end user. 

For motor-control, electronic-inverter, and 
general relay service at power supply fre- 
quencies, the RCA-6012 is rated to withstand 
4 maximum peak inverse anode voltage of 
1300 volts,a maximum peak cathode current 
of 5 amperes, and a maximum average 
cathode current of 0.5 ampere. 

Operating features of the RCA-6012 in- 
clude a negative-control characteristic which 
8 essentially independent of the ambient 
temperature over the range from —75° to 
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+90° C, low preconduction currents, low 
control-grid-to-anode capacitance, and low 
control-grid current. 

The RCA-6012 is compactly designed, and 
employs a structure that increases its resist 
ance to both shock and vibration. A button 
stem is used to strengthen the mount struc- 
ture and to provide wide inter-lead spacing 
as a means of reducing susceptibility to elec- 
trolysis and leakage. 

For complete technical data on the 
RCA-6012, write RCA, Commercial Engi- 
neering, Section 57GR, Harrison, N. J....or 
contact your nearest RCA field office. 


FIELD OFFICES: (East) Humboldt 5-3900, 415 
S. 5th St., Harrison, N. J. (Midwest) White- 
hall 4-2900, 589 E. Illinois St., Chicago, Ill. 
( West) Madison 9-3671, 420 S. San Pedro St., 
Los Angeles, Calif. Tmks. ® 
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RCA-6080 is a current-regulator | 

tube for use in regulated de 

power supplies. Similar to the | 

6AS7-G, it features a button- | 

stem construction for improved 

resistance to shock and vibra- | 

tion. The 6082 is a similar tube j 

for aircraft power supplies. | 
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THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA -—— 


RADIO CORPORATION of AMERICA 


ELECTRON TUBES 


HARRISON, HJ. 


‘Ny 
DIALCO 


A great aid to your miniaturization program 


MOUNT IN 15/32” HOLE 
ALL LENS COLORS 


Easy lamp replacement 
with any midget flanged 
base lamp types 


Complete blackout 
or semi-blackout 


NON-DIMMING dimmer types MECHANICAL 
No. 8-1930-621 DIMMER 


No. 11-1930-621 


THESE ASSEMBLIES LOGICALLY REPLACE 
LAMPS NO. 319, 320, and 321 


REPLACE 
WITH THIS 


AIR FORCE and BUREAU of AERONAUTICS 
MIL-L-7806 DRAWING MS-25010 
DIALCO No. TT-S1 (Red filter-black top) 

... or, No. TT-51A, complete with No. 327 p 


_, ALSO. MADE Vly 
with other filter colors \ 
and with light-emitting 

top (for indication) 


ALL OF THE ASSEMBLIES ILLUSTRATED 
ACCOMMODATE LAMPS NOS. 327, 328, 330, and 331. 


ANY ASSEMBLY AVAILASLE COMPLETE WITH LAMP 
SAMPLES ON REQUEST —NO CHARGE 


Foremost Manufacturer of Pilot Lights 


DIALIGHT CORPORATION 


60 STEWART AVENUE, BROOKLYN 37, N. Y. HYACINTH 7-7600 


PERSONAL 


ce 


engineering and scientific societies jn 
the Greater New York area. Other of. 
ficers elected were J.V.N. Dorr of the 
Dorr Co., vice president; John B, 
Hewett, of the John B. Hewett Co, 
secretary; and Robert M. Edmiston, of 
the American Optical Co., treasurer, 


Dr. Michael J. DiToro has become 
head of electronic development in the 
Fairchild Guided Missiles Division en- 
gineering department. Dr. DiToro has 
been an associate director of the Micro- 
wave Research Institute of Brooklyn 
Polytechnic Institute, and he has held 
several important engineering posts in 
leading electronics firms. 


Lloyd A. Hammarlund, president of 
the Hammarlund Mfg. Co., Inc., has been 
elected to join the executive board of 
the Electronic Manufacturers Associa- 
tion, an organization that comprises 
most of the electronic manufacturers in 
the New York-New Jersey area. One of 
its programs is to obtain the best pos- 
sible union contracts for the manufac- 
turers. Last December he was elected 
to the position of Employer-Trustee of 
the District 4 Welfare Plan, a plan de- 
veloped by the members of the IUE- 
CIO groups in the New York and New 
Jersey area. Its major goal is to obtain 
maximum welfare benefits for union 
members. As a member of both groups 
Hammarlund reported that he believed 
he now was in the position to help pro- 
vide for the best of contracts for both 
electronic manufacturers and employees 
in the area. 


TV Camera Contest 

William Zillger, vice president of 
Standard Electronics Corp., has an- . 
nounced the winner of the “Mystery 
Camera Contest.” He is A. J. Mosby of 
Missoula, Montana. Award of the first 
prize, a Philco air conditioner, was de- 
cided by three judges, including Dr. 
Orestes H. Caldwell, Editorial Director 
of TELE-TECH & ELECTRONIC IN- 
DUSTRIES, based on the answers to 10 
questions. Some of the questions are: 
How many tubes? (32 including pick- 
up and viewfinder) Lens price? ($250) 
Weight? (72 lbs.) For more information 
see the June 1953 issue of TELE-TECH 
& ELECTRONIC INDUSTRIES, page 
186. The heart of this camera is the 
multicon pick-up tube on this month’s 
cover, story on page 57. 


Broadcast Symposium 


The IRE Professional Group on 
Broadcast Transmission Systems is 
planning to hold their annual broad- 
cast symposium in late October at the 
Franklin Institute in Phila. Emphasis 4 
this year will be on color TV and UHF=~ 
TV. Readers wishing to contribute © 
papers should mark same for the at-7 
tention of L. Winner or Scott Helt, IR& 
headquarters, East 79th St., N. Y. q 
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Complete Setup for attenuation measurements at the JAN specified 
frequency of 400 Mc. Equipment includes the G-R Type 1208-A 
Unit Oscillator, the 1231-B Amplifier and Null Detector and various 
coaxial components. With appropriate high-frequency oscillators, 
measurements may be made at any frequency from 200 Mc 


7 to 4000 Mc. 
for Designers, Manufacturers 


G> and Users of r-f cables... 
. I offers a well integrated group of instruments 
and components for highly accurate measurements of .. . 
Attenuation . . . Characteristic Impedance . . . Velocity of Propagation .. 
Capacitance ... Insulation Resistance. 
Manufacturers of coaxial and dual-coaxial cables, t-v twin-lead and 
shielded twin-lead are now using G-R equipment with highly satisfac- 
tory results. In the insertion-loss method illustrated above, attenuation 
Bi measurements are made with 
an accuracy of better than 
1% + 0.2 db. Accuracy is in- 
dependent of crystal-detector Insulation Resistance is measured directly by the Type 
calibration. Well-designed G-R imma 
Type 874 coaxial connectors ; 
eliminate troubles from leak- 
age and bad contacts. The 
equipment is readily assembled 
and easy to operate. 


Velocity of propagation is measured, to an accuracy of within 
+0.5%, with the same equipment in another configuration. Character- 
istic impedance is readily calculated from the values for velocity of 
propagation and capacitance per foot of cable. 


Please send a copy of the NEW 14-page bulletin ‘MEASUREMENT 
OF CABLE CHARACTERISTICS.” 
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Packed with 
POWER! 


= 


Wicere. 
POWER RESISTORS 


Wire Wound—Silicone 
Coated Resistors 


Complete welded construction 
from terminal to terminal. Tem- 
perature coefficient 0.00002/deg. 
C. Ranges from 0.1 Ohm to . 
55,000 Ohms, depending on Type, 
Tolerance. 0.05 %, 0.1%, 0.25%, 
0.5%, 1%, whe — 


Available in 25, 50 and 250 watt 
sizes. Silicone sealed in die-cast, 
black anodized radiator finned 
housing for maximum heat dis- 


sipation. 
RS TYPE 


Available in 2 watt, 5 watt, and 
10 watt sizes. Silicone sealed 
offering maximum resistance to 
abrasion, high thermal conductiv- 
ity and high di-electric strength. 


deported 
CARBON RESISTORS 


Dalohm precision deposited car- 
bon resistors offer the best in 
accuracy, stability, dependable 
performance and economy. 
Available in 4 watt, 1 watt and 
2 watt sizes. 


CUES for BROADCASTERS 


Continued from page 51) 


With this arrangement it is pos- 
sible to use any mike for P.A. 
broadcast, or both, depending on 
the situation. And, needing only 
one mike for a given pickup, it 
eliminates the clutter of cables and 
stands, as well as the problem of 
the performer favoring one mike. 
With all the faders mounted on one 
convenient panel, it allows much 
more careful control over mixing 
levels, and the operator is more 
easily able to control feedback on 
the P.A. system. If desired, a mas- 
ter fader for the P.A. could be 
mounted on the control panel. With 
the type of P.A. system used, this 
system of mixing worked admirably 
since the mixer was high level, and 
allowed connection to a high imped- 
ance phonograph input, with plenty 
of output and reserve gain. 


Economical 1000 cps 

Tone Unit 

CHARLIE H. PARISH, Chief 
Engineer, WFPM, Ft. Valley, Ga. 


ANY times in radio station op- 

eration it is desirable to have 
a steady tone of some frequency 
for testing and other purposes. At 
WFPM we use a steady 1,000 cycle 
tone for both test purposes and as a 
time signal. I constructed a genera- 


tor at no cost with the use of one 
condenser and a transformer from 
the junk box. The source used was 
the station frequency monitor. We 
use the General Radio monitor, 
Type 1181-A which has an outlet 
marked (Tel.) on the front panel, 
(Also obtainable with monitors of 
other makes) 

This is the outlet of the beat fre- 
quency which is 1,000 cycles. A 
regular phone jack was used to 


ISOLATING 
CAPACITOR 
FROM TEL. JACK 


wo poee TO REMOTE 
MONITOR INPUT ON 
TRANSFORMER BOARD 


carry the 1,000 cycle signal through’ 
an isolating condenser to the trans- 
former primary. The secondary was 
center tapped to ground and the 
output wired to one of the remote 
inputs of the board. Therefore, at 
any time desired, the 1,000 cycle 
tone can be obtained directly from 
the board. By leaving the remote 
pot “up,” convenient tone beeps can 
be had by closing the remote on-off 
switch. There’s no. limit to the ways 
it can be used . . . code for news- 
casts, steady tone for frequency 
checks, modulation for MTR, and 
countless others. 


CONDUCTANCE CURVES 


(Continued from page 46) 


amplifier using a 6AK5 tube would 
require a-screen voltage of 100 v. 
The minimum plate voltage at zero 
bias is 80 v. The zero bias plate cur- 
rent on the 6AK5 with 100 v. on its 
screen being 17 ma, the voltage de- 
veloped across the load resistor is 34 
v., making the total required supply 
voltage 114 v. The amplification is 
about 12.6 times. 

Where the available supply voltage 
exceeds the required plate supply 
voltage, a series resistor may be used 
which will provide the required volt- 
age loss at the static plate current. 
An 18,000-ohm five-watt resistor 
would be adequate to reduce 300 v. 
to the 114 v. required for the 6AK5 
tube. A bypass capacitor is required 
to maintain the voltage constant at 
the supply end of the plate load re- 
sistor. This capacitor should keep 
the voltage variation at the supply 
end of the plate load resistor less 
than a tenth of the maximum output 
voltage change at the lowest fre- 
quency which the amplifier must 
pass. Choosing a one-volt variation 


limit at twenty cycles, the capaci- 


tance may be determined from 

Q = CE — Ait (3) 
The current change is 17 — 10.5 ma 
equals 6.5 ma. The time is approxi- 
mately the reciprocal of the angular 
frequency, or 0.008 seconds. Substi- 
tuting gives a capacitance of about 
50 uf. 


Series Resistor 


The series resistor in the screen 
circuit must provide a voltage loss of 
200 volts at approximately 3.2 ma. A 
62,000-ohm one-watt resistor will be 
satisfactory. The screen voltage vari- 
ation should also be held to not more 
than a volt. Eq. (3) may be used to 
determine the proper size capacitor 
for bypassing the screen grid. Twenty 


 microfarads is ample. 


The size of cathode resistor re- 


: quired to provide the one-volt bias 


to the 6AK5 tube is determined by 
dividing the sum of the plate and the 
screen currents into the requi 

bias. Seventy-five ohms is ample for 
the cathode circuit. The cathode by- 
(Continued on page 92) 
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BALANCED 
PERFORMANCE 


gives you highest overall sound recording quality 
oo Af no extra cost 


A + has been designed, formulated and 
perfected to meet the most exacting requirements for 
modern, professional sound recording. Its mechanical 
and magnetic properties are carefully balanced to 
assure optimum overall performance in your record- 
ing machines. 

Output, frequency response, noise level and distor- 
tion are correctly proportioned for the most satisfac- 
tory end result— with no compromise on quality 
anywhere along the line. 

Perfected manufacturing techniques and high pro- 
duction volume enable this premium-quality tape to 
be offered to you at no increase in price. 

Here are some of Audiotape’s extra-value features: 


More Uniform Frequency Response — Audiotape’s out- 
put does not tend to fall off at the higher frequencies. 
Response remains excellent throughout the com- 
plete range of audible sound, requiring no special 
equalization. 


Low Noise Level —Extremely uniform dispersion of 
magnetic particles results in exceptionally low noise 
level — completely free from troublesome ticks and 
pops. Overall signal-to-noise ratio is entirely com- 
parable to that obtainable with average production 
of any premium price tape on the market. 


Low Distortion — Highest quality magnetic oxide, in a 
coating of precisely controlled uniform thickness, 
results in exceptionally low distortion over a wide 
range of bias settings. 


AUDIO DEVICES, Inc. 


444 Madison Avenue, New York 22, N.Y. 
Export Dept.: 13 East 40th St., New York 16, N.Y, Cables ““ARLAB”’ 


Maximum Uniformity — All 7” and 10” reels of plastic 
base Audiotape are guaranteed to have an output 
uniformity within the reel of +% db or better—and 
a reel-to-reel variation of less than +% db. What’s 
more, there’s an actual output curve in every 5-reel 
package to prove it. 


Complete Interchangeability — Since Audiotape re- 
quires no special equalization adjustments, Audio- 
tape recordings can be interchanged freely between 
radio stations and studios— played back perfectly 
on any machine. 


Highest Coating Adhesion —keeps the magnetic oxide 
coating from rubbing or flaking off. No danger of 
fouling heads and guides. 


Guaranteed Splice-Free — Plastic base Audiotape, in 
both 1200 and 2500 ft reels, is positively guaranteed 
to be free from splices. 


Low-Tension Reel Design — with 234” hub now stand- 
ard for all 1200 foot, 7” reels. By eliminating the high 
tension zone encountered at smaller hub diameters, 
this reel assures more accurate timing, more constant 
pitch, slower maximum reel speeds and reduced 
wear on heads and tape. 


COMPARE AUDIOTAPE in an end-to-end run 
with any other sound recording tape available. Com- 
pare the prices, too. You'll find that Audiotape speaks 
for itself -—in performance and in cost! 
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direct-reading 
FREQUENCY 
METER 


ane Berkeley Mode! S870 


description 


Model 5570 is a single, com 
“aE of frequencies from 0 Cps to 42 mc. Ba 
; oe €vents-per-unit-time meter ( EPUT), 
+ Sea Frequencies of 2 mc and below are appl 
and are read on the last six decade ma ig 

_to heterodyne unit and sel 


pact instrument for rapid, precise mea- 
IC sections are (1) a 


applications 


Rapid, accurate transmitter m 
at and production line 


Berkeley Digital Recorder wi 


the last 6 digits; ideal for plotting frequency drift or 


eneral lab- 

dition of a 

C printed record of 
indicating stability, 


specifications 
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le to 42 megacye 
: ystal occuracy (short term: 


260 watts 


7 
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\ 
RANGE: | 
cY: \ 


DIMENSIONS: 
PANELS: 
ACCESSORIES: 
PRICE: 


tice. 
change without 8° 
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Prices and Spec 


Please request Bulletin 807 


BEGK MAN INSTRUMENTS IN‘ 


2200 WRIGHT AVENUE « RICHMOND, CALIFORNIA 
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Vertical Deflection 
(Continued from page 66) 


blank rasters which illustrate the 
appearance of the vertical-retrace 
lines with various peaking adjust- 
ments. The picture size was greatly 
reduced for the purpose of these 
photographs so that almost the en- 
tire raster would be visible on the — 
kinescope. 

The preferred procedure for de- 
signing the width and amplitude of 
the peaking pulse is to adjust the 
width of the pulse to the desired 
retrace time and then to adjust the 
amplitude of the pulse so that re- 
trace is completed at the same time 
the peaking pulse ends. These ad- 
justments may be made by observa- 
tion of the raster or with the aid of 
an oscilloscope. 

Because proper operation of ver- 
tical-deflection circuits depends on 
sawtooth voltages with peaking 
pulses, a brief discussion of the 
method of generating such voltage 
waveforms, which is basically quite 
simple, will be given below. 


Sawtooth Voltage Generators 


The circuits which generate the 
sawtooth voltage waveform operate 
by charging a capacitor through a 
resistance and discharging the ca- 
pacitor through a tube. The tube is 
cut off while the capacitor is being. 
charged and an appropriate voltage 
is then applied to the grid to cause 
the conduction required to dis- 
charge the capacitor. Such a “dis- 
charge-tube” circuit is shown in 
Fig. 11. The pulse at the grid may 
be derived from a separate source, 
such as a blocking oscillator, or from 
more complex circuitry in which 
the discharge tube is part of the os- 
cillating circuit. The latter type of 
oscillator-discharge circuits include 
blocking oscillators, conventional 
multivibrators, and feedback cit 
cuits in which the grid pulse is ob+ 
tained from the plate of the verti 
output tube. All of these circuits 
have been used in commercial re= 
ceivers. Sync pulses are not used 
directly to drive the discharge tube 
in receivers because the noise im 
munity would be poor and because 
vertical deflection would fail in the 
absence of a television signal. 

The functioning of any of the dis- 
charge circuits is basically like that 
of the circuit shown in Fig. 11. The 
approximate equivalent circuit of 
Fig. 12a may be used to show the 
details of sawtooth formation. The 
inaccuracy of this equivalent circult 
lies in assigning a fixed internal re 
sistance, Rs, to the discharge tube 
Even though the grid voltage may 

(Continued on page 90) 
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Tung-Sol makes All-Glass Sealed Beam 
Lamps, Miniature-Lamps, Signal Flashers, Pic- 
ture Tubes, Radio, TV and Special Purpose 
Electron Tubes. 


TUNG-SOL ELECTRIC INC. 
Newark 4, N. J. 


Sales Offices: Atlanta, Chicago, Culver City (Los Angeles), 
Dallas, Denver, Detroit, Newark, Seattle 
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The JK G-12 is a precision 100 ke 
G-T cut crystal intended for oper- 
ation in Meacham Bridge and simi- 
lar oscillators. Available for oper- 
ation at series resonance or into 
large load capacities. Resistance 
approximately that of usual lamp 
used for amplitude stabilization, 
simplifying bridge circuit design. 
The JK G-l2 is vacuum sealed. 
Equipped with octal base it is more 
convenient than usual “soldered- 


" 


in” type of precision standard 
crystal. Suitable for transistor oscil- 
lators.Will fit JK O7EH temperature 
control unit. Consult us on specific 
applications. 


in an aircon tioned, dust-free plant poi wn lanks 
are repeatedly cleaned with chemicals, washed in 
distilled water and spun dry — plain tap water or even 
a fingerprint would impair stability. The final crystal, 
vacuum sealed in a glass holder, provides sta ility 
equal to a watch that would remain accurate to ° within 
three seconds over a year's 
time. Creative research com- 
bined with today's most 
modern production facili- 
ties brings you today’s 
finest — JK Crystals 
the Critical", 


THE JAMES 
KNIGHTS COMPANY, 
SANDWICH 2, ILLINOIS 


remain at zero during the en 
discharge period (ie., while 
“switch” is closed), ‘the effe 
tube resistance is a function of ¢ 
plate voltage and varies during dis 
charge. 
The component values indica 
in Fig. 12 are of the order. of magni- 
tude found in practical circuits, 
When the switch is open and the ca- 
pacitor is being charged, the volt- 
age across the capacitor follows an ; 
exponential curve, as shown in 2 
13a. When the switch is closed, the ~ 
capacitor discharges rapidly; the ca- 
pacitor voltage during discharge fol- — 
lows another exponential curve un- © 
til the switch is opened and the © 
charge begins again. If the RC time — 
constant of the charging circuit is — 
fairly large compared to the verti- — 
cal-scanning period, the portion of — 
the exponential curve used is sub- © 
stantially linear: and the desired ~ 
sawtooth voltage is obtained. 4 


**Peaking”’ Resistor 


Fig. 12b shows the addition of a ; 
“peaking” resistor in the circuit; the - 
result on the output-voltage wave-— 


the value of the peaking resistor is 
small compared to the one-megohm ~ 
charging resistor, it has practically” 
no effect on the circuit during” 
charging of the capacitor. When the ~ 
switch is closed, however, the ca-" 
pacitor voltage is instantly divided” 
between the peaking resistor and © 
the switch resistance. Because the 
switch resistance is of the same or 
der of magnitude as the peaking re 
sistor, the output voltage drops to 
low value. Because of the longer © 
time constant, the rate of discharge © § 
is slower than when no peaking re- 
sistor was used. When the switch is” 
opened, the capacitor has not com=- 
pletely discharged; the output volt- 


mate voltage still remaining across” 
the capacitor, and the charging of 
the capacitor begins again. 4 

Two important points may be 
noted from this simplified discus-— 
sion. First, the amplitude of the 
peaking pulse is easily adjusted by 
varying the value of the peaking re-~ 
sistor. Second, the width of the ™ 
peaking pulse depends solely upon” 
the time the switch is closed (i.e, 7 
the width of the pulse applied to oa 
grid of the discharge tube) and may ~ 
be adjusted in the oscillator circuit, — 
the specific method of adjustment ~ 
being dependent upon the type of 
circuit used. 

The shape of the peaking pulse is 
not exactly like that of Fig. 13b in 
practice. The change of effective re- 
sistance of the tube during dis 

(Continued on page 92) 
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98% of all U.S. TV stations 


e Houston-Fearless equipment 


BETTER SHOWS 


are produced with 


HOUSTON-FEARLESS EQUIPMENT 


Tes flight television showmanship is dependent not 
only on capable writers, producers and cameramen, 
but also on reliable studio equipment that will pro- 
duce any desired camera effect smoothly and quietly 
with a minimum of effort . . . and on efficient film pro- 
cessing equipment that opens vast new sources of 
program material. That’s why 98% of all U.S. tele- 
vision stations, as well as motion picture studios in 
Hollywood and throughout the world, rely on 
Houston-Fearless for matchless quality, proved per- 
formance and absolute dependability. 


In addition to building many models 
not shown here, Houston-Fearless of- 
fers extensive engineering and manu- 
facturing facilities to produce special 
television and photographic equip- 
ment for your particular requirements. 
Write for information and catalogs. 


She 
HOUSTON 
FEARLESS 


<a : 
(he ifroration ‘11805 West Olympic Bivd. 
Los Angeles 64, Calif. 


Please send catalogs on [] Friction Head [] Tripod 
(J Triped dolly (] Panoram dolly [] TV Cranes 
(] Camera pedestals C) Film Processors 
CJ Parabolas CD Remote control parabola 
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NOW for the first time in 


ven 10 Yeau 
BOGUE 


400 CYCLE GENERATORS 


AVAILABLE 
FROM STOCK! 


Due to the extremely high produc- 


tion at our newly enlarged plant, 
we are able to offer for im- 
mediate shipment from stock 
“World Famous” Bogue Hi- 
Cycle Generators in the fol- 
lowing sizes: 


5, 10, 20 and 50 KVA 
Single Phase & Three Phase Output 
220 /440 Volt Input 


Deliver 400 cycles regardless of 
load and input variations 


LOW HARMONICS 
CLOSE VOLTAGE REGULATION 


Our engineering department will be glad to supply full specifications on stock 
units as well as on special units to meet all Hi-Cycle requirements. 
ane? Sey, 


% 


re 
E 


BOGUE ELECTRIC 


32 1O0WA AVENUE © PAT-RSO0” 3, NEW JERSEY 
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charge tends to change the down- 
ward slope at the bottom of the 
pulse, making it nearly flat or even 
producing an upward slope. Fur- 
thermore, the waveform of the pulse 
driving the discharge tube infly- 
ences the effective tube resistance 
and, as a result, affects the shape of 
the peaking pulse. The shape of the 
peaking pulse may be important in 
receiver design because of its influ- 
ence on the peak voltage developed 
at the plate of the vertical output 
tube. 


Conductance Curves 
(Continued from page 86) 


pass capacitor size may be deter- 
mined, for a square-wave response 
to a frequency f, by the equation 

C, == 1/ (0.2n€,R,) (4) 
Approximately 1000 uf is required 
for the 6AK5. 

The power dissipation in the screen 
of the tube is 0.32 watt, and the plate 
dissipation is 1.2 watts. Since the 
screen and plate dissipation limits 
are 0.5 and 1.7 watts respectively, 
the tube will not be overloaded. 

This same video amplifier design 
might be based on the use of a 
6AG7 tube (curves in Fig. 3). For 
8% distortion and a bias range of 
+1 v. from minus 1 v. static bias, a. 
screen voltage of about 58 v. is re- 
quired. The mean voltage amplifica- 
tion of the stage with the 6AG7 tube 
is about 16.4 to one. The required 
supply voltage is 98 v. The output 
voltage from the 6AG7 tube is 
+16.4 v. compared to 12.4 v. for the 
6AK5 tube. 

The 6AK5 tube is being operated 
rather near the limit of its capability 
in this video amplifier. The 6AG7 
tube, however, has considerable re- 
serve. If the screen voltage were in- 
creased to 125 v., and the balance of 
the design completed, a signal having 
a peak amplitude of +2.25 v. could 
be amplified with less than 8% dis- 
tortion. The voltage amplification is 
19.5, and the available output voltage 
is now +43 v. The cathode bias re- 
sistor must have 64 ohms resistance. 
The tube plate dissipation is 5 watts, 
and the screen dissipation is 0.9 
watts. 

Design of pentode circuits to pro- 
vide required operational character- 
istics with minimum dissipation can 
best be accomplished with curves 
providing both dynamic and static 
characteristics throughout the range 
of voltages in which the tube can be 
caused to function as an amplifier. 
The curves and techniques herein 
described appear to provide a very 
satisfactory solution to the design 
problem. 


THE NAME TO REMEMBER... 
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C-D=F INSULATING TAPES 


Uniform strength and quality plus prompt deliveries! 


C-D-F SILICONE TAPES for A.J.E.E. Class H Electrical 
Insulation. Available in Varnished Fiberglas cloth and 
Silicone Rubber-coated Fiberglas cloth. Resistant to 
high temperatures; high dielectric strength, low di- 
electric losses, excellent moisture resistance and high 
tensile strength. They resist mild alkalis, non-oxidiz- 
ing acids, mineral oils, oxygenated solvents. Available 
in a range of sizes on continuous rolls. Write for 
Technical Bulletin #47. 


C-D-F TAPES OF TEFLON* have the desired mechanical 
and electrical properties for heavy-duty motor, gener- 
ator, and conductor insulation. Unaffected by tempera- 
ture fluctuations, exposure to oils and greases, or 
weather conditions. Fiberglas supported and unsup- 
ported Teflon tapes are available in a range of sizes. 


*du Pont trademarks. 


SILICONE, TEFLON, 


C-D-F MICABOND TAPES have an inherently high and 
permanent resistance to heat with good dielectric 
properties. Micabond Tapes are used for insulating 
motor and generator armature and field coils, turbo- 
generator coils, and many similar applications where 
flexible high quality insulation of A.IE.E. Classes B 
and H insulators are required. Available in a wide 
range of sizes with many different backings including: 
fiberglas, silk, cellophane, cotton, paper, and Mylar*. 


If you have an insulating problem, probably a 
C-D-F product is the answer. C-D-F manufactures 
| and fabricates electrical insulation, laminated and 
molded plastics. Sales offices are located in principal 
| cities. Call your C-D-F sales engineer—he’s a good 
man to know! 


MICABOND TAPES 


NEWARK 101, DELAWARE 


Losing 
time 


on 
Maintenance and repairs will always be . * 
with us. But the time-wasting business of 
“getting at” a defective part can be rep airs 
practically eliminated..A component 
equipped with Grant Industrial Slides can be rolled out of its 
rack, pivoted and locked at a convenient working angle in about 
five seconds. Grant Industrial Slides are available in stock 
and ready for immediate delivery in a great variety of models, 
or custom designed to your special needs. Write for our 
Industrial Slide Catalog. Grant Pulley and Hardware Company, 
31-75 Whitestone Parkway, Flushing, New York. 


Grant Industrial Slides 


1. Continuous ball bear- 2. Withdrawing release 3. Unit locks at 45 or 4. Maintenance, repairs 
ing —, permits rods disengages them 90 degrees. Special easily made. Access is 
non-jar chassis removal. from quadrant mechan- pivoted positions can be ained in a few seconds. 
Locks when fulty extend- ism, enables unit to be obtained for individual Special slides give plus 
ed, unlocks to return. tilted by simply raising. requirements. or minus 90° tilt. 


—---—--------4 
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BOOKS 4 


Simplified Drafting Practice 


By Healy & Rau. Published 1953 by John 
Now York 16,'N. Y. "156 pages: $5.00." 
This is not a textbook on engineering 

drafting. Its purpose, rather, is to arouse 
the interest of engineering and drafting 
organizations everywhere in the sub- 
stantial savings in time and money that 
can be attained by the adoption and 
extension of simplified practices. 

As applied to the design and manu- 
facture of industrial products, drafting 
has contributed much to the material 
wealth of the present era. But para- 
doxically, while it helped to improve 
manufacturing and promote progress, 
drafting itself remained relatively un- 
changed. It still employs today virtu- 
ally the same amount of time-consum- 
ing elaboration of detail as it did at 
the time of its inception. Engrossed with 
the responsibility for product design 
and development, drafting organizations 
appear not to have realized that their 
practices are still quite extensively 
shackled to the past. 

Here are a few chapter headings 
of interest: Eliminating Unnecessary 
Work; Arrowless Dimensioning; Ex- 
amples of Simplified Drafting; Legible 
Lettering: and Reproduction Processes. 


Radiotron Designer’s Handbook 


Fourth edition, edited by F. Langford-Smith, 
Printed in U. S. A. (1953) by Radio = 
of America, Harrison, New Jersey. 1522 
pages, $7.00. 


This new fourth edition thoroughly 
covers the design of radio and audio | 
circuits and discusses in detail, from the 
viewpoints of theory and practice, the 
design considerations necessary for the 
proper use of electron tubes and circuit 
components. It includes 1000 illustra- 
tions, bibliographies and _ references 
totaling more than 2500 items, and an 
extensive 50-page index containing 7000 
entries. 

Circuit design and applications are 
discussed not only from the theoretical 
and mathematical approach but also 
from a practical standpoint. 

Topics covered: Part 1, Radio Tubes; 
Part 2, General Theory and Compo- 
nents; Part 3, Audio Frequencies; Part 
4, Radio Frequencies; Part 5, Rectifica- 
tion, Regulation; Part 6, Complete Re- 
ceivers; Part 7, Sundry data in the 
form of tables, graphs and charts. 


BOOKS RECEIVED 


ye —— Receiver Desi; I—IF mage 
: er 138 


A. U: x 
dius tere. 188 ane in the “Philipe” 
Television Design Monograph. Series and 


dee cst the analseton of te poste 
Ps meggroe 7 IFs and ; ; 
Price in USA is $4.50. Copies 

from Elsevier Press I: Inc, 155 East 82 Sts 
New York 28, N.Y. 


BR NA ee 

i ; 
rwamete> RESISTORS 
ENAMELED 


DELIVERY | 


QUALITY | 


ENGINEERING 


Division of 
oa Me = e 
R U) 0 MI PRODUCT Model Engineering 
. & Mfg., Inc. 
AS 3] ot 


2800 N. Milwaukee Avenue, Chicago 18, Ill. 


Factory: Huntington, Indiana 
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MILITARY COMPONENTS TO 
SPECIFICATIONS MIL-T-27 & ANE-19 
AND COMMERCIAL TYPES 


Pulse Transformers 
alg 
eactors 
Saturable Reactors 
Toroid Inductors 
Low Pass Filters 
High Pass Filters 
Band Pass Filters 
Discriminators 
Plate Transformers 
Power Transformers 
Filament Transformers 


Transformers 
Medulation Transformers 
Blocking Oscillator Transformers 
Band Elimination Filters 


NO. 1010 
COMPARISON 
DIRECT READING 
pentane ge 1 = AC. 
a rn sup- 

1 megohm to 2 
hilton megonms. 


NO. 1030 Low Frequency Q. Indicator 
NO. 1110A Incremental Inductance 
Bridge 


NO.1150 Universal Bridge 
NO.1170 D.C. Supply 


NO.1210 Null Detector and Vacuum 
Tube Voltmeter 


NO.1140 Null Detector Amplifier 
NO.1040 A.C.—V.T. Voltmeter 
NO.1250 Decade Condenser 


NO.1410 Harmonic Distortion Meter 
and Decade Inductors 


Send for Complete Catalog describing all 
Freed instruments ced teenandonnaee 


1726 Weirfield St., Brooklyn (Ridgewood) 27, N.Y. 


FREED TRANSFORMER 60., INC. 


Electronic Aircraft Simulator 


An all-electronic simulator for the 
200-passenger Douglas C-124A Globe- 
master, one of the world’s largest mili- 
tary transports, has been completed by 
the Electronics Division of the Curtiss- 
Wright Corp. and accepted by the Air 
Force. Representing the latest advances 
in the field of synthetic crew training, 
the new simulator is a complete dupli- 
cate of the cockpit of the 175,000-lb. 
Globemaster. It will be installed at the 
Air Force training base. at Morrison 
Field, West Palm Beach, Fla. 

The newest in the line of Curtiss- 
Wright Dehmel flight simulators, the 
C-124A unit introduces for the first time 
these features: 

1. Completely electronic control load- 
ings designed to meet USAF specifica- 
tions for quick and realistic aircraft 
response. 

2. The most modern and complete 
radio aids unit, designed to provide all 
instrumentation required for air navi- 
gation instruction. 

3. Precise cockpit duplication that 
activates through electronic means 
every control, instrument, and switch 
found in the aircraft itself. 

4. New designs for cabinets and inter- 
connecting cables that provide easy ac- 
cessibility to all components of the 
equipment. 


5. Advanced fabricating techniques: 


have been developed so that. repair 
time can be kept to a minimum. 
Experience on earlier simulators has 
shown that down-time averages 2% or 
less, even when the equipment is being 
used as much as 18 hours per day. 

The cockpit never leaves the ground, 
nor does it move or gyrate. So com- 
plete is the simulation effect, however, 
that crews in training have a perfect 
sensation of actual flight. Partly this is 
the result of realistic sound effects, 
which permit the crew to hear the 
noises of engines and propellers—and 
the sound of wheels hitting the runway 
as the simulator is brought in for a 
“landing.” All sound effects, including 
those resulting from failure to syn- 
chronize propellers accurately in a two 
or four-engined aircraft, are produced 
electronically. 


Exploded drawing of cockpit assembly of the 
C-124A_ electronic aircraft flight sim 


Just back of the cockpit and separated 
from it by a curtain is the instructor’ 
compartment which contains all radig 
aids equipment and a trouble console,” 

Radio aids devices, to which are cons 
nected course and glide path recorders, 
provide a means of accurately repros’ 
ducing radio range signals and such 
other navigational signals as VOR ang 
DME. In addition, ILS and GCA ¢ 
included. 4 

The trouble console permits the ine 
structor at will to add emergencies 
any flight routine. These can include 
fires, mechanical failures, icing, pre 7 
peller and engine troubles, landing gea 
failures, and the like. 

In the Curtiss-Wright Dehmel simu 
lator, engine operation is simulated by 
four analog computers—one for each 
power plant. It is through this mean 
that all engine performance variab 
are related to provide exact simulation, 
Loss of one or more engines reflects i 
thrust and aerodynamic computations) 
Engine instruments automatically ree" 
flect any condition which affects enginé 
power and efficiency. By means of come” 
puters the effects of aerodynamics ang 
power are translated into instrumen 
readings as in the aircraft itself. 

The electronic control loadings re 
flect in the feel of the “stick” change 
in wind, velocity, angle of attack, and 
trim. The control force system receives 
signals from each of the many source 
which affect it in actual flight. Thest 
are resolved by electronic devices an 
translated into simulated forces by § 
sitive and accurate servo systems. — 


Looking over shoulder of an instructor (lower right) at trouble console toward (I to r) check Pi 
pilot, co-pilot and engineer in simulator. In use, curtain is drawn between crew and ins 
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you want more information about PRODUCTS 


advertised in 


LEADING MANUFACTURERS 


are using space in this issue to acquaint you T E LE “T E CH 


with their products. Perhaps you want & ELECTRONIC INDUSTRIES 
more information on some of them—on one or Use the convenient postage- 
two, or possibly a score. You can cover all of prec — — - get — 
your needs with the single card below. It's petty ly gp moo 
convenient and postfree. this issue 
: $01 Alden Products Co. Terminal cords, plug-in chassis 827 Communications Co., Inc. Two-way radios 
| 902 Alpha Metals, Inc. Solders 828 Continental Diamond Fibre Co. Insulating tapes 
908 American Electrical Heater Co. Soldering irons 829 Crosby Labs., Inc. Single & exalted sidebank communication equip. 
: $04 American Lava Corp. Metallized ceramics 830 Cunningham, Son & Co., Inc., James Crossbar circuit switches 
805 Ampex Electric Corp. Magnetic tape duplicators 831 Dale Products, Inc. Power & deposited carbon resistors 
J 806 Apex Coil & Transformer Corp. Engineering personnel 832 Daven Co. Free brochure on switches 
807 Arnold Engineering Co. Moly powder toroidal cores 833 Dialight Corp. Subminiature pilot lights 
% $08 Audio Devices, Inc. Magnetic tape 834 DX Radio Products Co. Coils, crystals, deflection yokes 
‘ 809 Bell Telephone Labs., Inc. Transistor development 835 Eisler Engineering Co., Inc. Glass working machines 
‘ $10 Bendix Aviation Corp. (Eclipse-Pioneer) Precision synchros 836 Eitel-McCullough, Inc. 15-kw UHF-TV klystrons 
811 Bendix Aviation Corp. (Friez Instrument) Precision thermistors 837 Electra Mfg. Co. Deposited carbon resistors 
4 $12 Berkeley Scientific Div. Beckman Instruments Frequency meters 838 Electralab, Inc. Printed circuits 
813 Birtcher Corp. Free tube clamp catalog 839 Electrical Tower Service, Inc. Tower erection 
814 Blaw-Knox Co. Television antenna towers 840 Electro Motive Mfg. Co. Mica capacitors 
815 Bogue Electric Mfg. Co. Electronic industrial control systems 841 Fairchild Recording Equipment Corp. Turntables, tape recorders 
816 Bradley Labs., Inc. Selenium rectifiers 842 Federal Telephone & Radio Corp. Selenium rectifiers 
817. Burnell & Co. Single sideband filters 843 Federated Metals Solder for printed circuits 
818 Burroughs Corp., Electronic Instruments Div. Pulse equipment 844 Freed Transformer Co., Inc. Transformers, instruments 
1 : 819 Bussmann Mfg. Co. Fuses, fuse holders & clips 845 Gates Radio Co. Homing beacon transmitters 


820 CBS-Hytron Div. Columbia Brdcsting. System Filter-reactor tubes 
821 Cannon Electric Co. Audio connectors, plugs 

822 Centralab Div. Globe Union Inc. Ceramic parts Listings continued on next page >D>D 

828 Century Lighting, Inc. Studio lighting control 

Use these postage-free cards to get 
824 Cinch Mfg. Co. Miniature & subminiature tube sockets further information 

825 
826 


Cinema Engineering Co. Audio attenuators 


Cleveland Container Co. Laminated phenolic tubing 


Write in boxes the code numbers of products for which 
you want information. See list above and on next page. 


Write in boxes the code numbers of products for which 
you want information. See list above and on next page. 
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CALDWELL-CLEMENTS, INC., 480 Lexington Avenue, New York 17 
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PRODUCT INFORMATION? 


If that is what you need, use the cards 


below to get it quickly, through.... 
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General Electric Co. Broadcast preamplifiers 

General Electric Co. Lens-end indicator lamps 

General Precision Lab., Inc. TV studio equipment 
General Radio Co. Free bulletin on r-f cable testing 
Grant Pulley & Hardware Co. “Roll-out” chassis slides 
Graphite Metallizing Corp. Brushes, contacts, slip rings 
Gray Research & Development Co., Inc. TY slide projectors 
Grayhill Molded plastic parts 

Guardian Electric Mfg. Co. Aircraft relays 
Hammarlund Mfg. Co., Inc. Selective calling equipment 
Heath Co. Test equipment kits 


Heppner Mfg. Co. Ferrite rod antennas 


Hermetic Seal Prods. Co. Hermetic seals for transistor, diode housing 


Hi-Q Div., Aerovox Corp. Ceramic capacitors 
Houston-Fearless Corp. TV camera mounts, film developers 
Hughes Aircraft Co. Engineering personnel 

JFD Mfg. Co. Piston-type trimmer capacitors 

Johnson Co., E. F. R-F contactors, capacitors 

Jones Div., H. E., Cinch Mfg. Corp. Shielded plugs & sockets 
Kahle Engineering Co. Automatic tube manufacturing machinery 
Kester Solder Co. Flux core solder 

Knights Co., James Precision crystals 

Link Aviation, Inc. Engineering personnel 

Lundey Associates Miniature hermetic terminals 

Magnavox Co. Engineering personnel 

Mallery & Co., P. R. Tantalum capacitors 

Melpar, Inc. Engineering personnel 

Methode Mfg. Co. Miniature tube sockets 

Midland Mfg. Co., Inc. Quartz crystals 

Plasticite Corp. Plastic molding services 
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Philco Corp. Microwave, TV film scanner 

Polarad Electronics Corp. Microwave signal sources 
Precision Paper Tube Co. Coil form bobbins 

Presto Recording Corp. Portable tape recorders 
Radio Corp. of America Reliable type rectifier tube 
Radio Corp. of America Gas thyratron for industrial 
Radio Corp. of America Engineering personnel 
Radio Materials Corp. Ceramic capacitors 

Radio Shack Corp. Tape duplicators, free catalog 
Raypar, Inc. Transformers for printed circuits 
Relay Sales Free relay catalog 

Resisco Corp. Pots, tubes, resistors 

Shaw Insulator Co. Terminal blocks 

Specific Products WWV standards receivers 
Sprague Electric Co. Wirewound resistors 


Stupakoff Ceramic & Mfg. Co. Ceramics for electronic applications 


Sylvania Electric Products, Inc. Sealed transistors 
Synthane Corp. Copper-clad laminated plastics 
Technic, Inc. Gold plating service 

Tel-Rad Mfg. Co., Inc. Deflection yokes 


Thermador Electric Mfg. Co. Transformers for TV, r-f and aud ) 
Tru-Ohm Prods. Div. Model Eng. & Mfg. Vitreous enameled resistors” 


Tung Sol Electric Inc. Vacuum tubes, picture tubes 
University Loudspeakers Inc. Loudspeakers, drivers 

U. S. Engineering Co. Free hardware manual 

Victoreen Instrument Co. Resistors, regulators, tubes 
Wheeler Insulated Wire Co. Magnet wire, transformers 
Wilkor Div., Aerovox Corp. Sealed resistors 
Westinghouse Electric Corp. Microwave systems 
Westinghouse Electric Corp. Magnetic cores 
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PRESTO 


LONG PLAY IT aS 
PORTABLE TAPE RECORDER 


he PRESTO RC-7 has already been acclaimed “the finest tape recorder of 
Is size available.” Although portable in size, the RC-7 embodies features 
and heavy duty construction found only in larger, more expensive, studio- 
type machines. 


| Now, with the new RA-1 reel adapter, this precision recording instrument 
tomes an indispensable piece of equipment for every station and record- 
ig studio. With this adapter, the RC-7 accommodates reels up to 1014” 
‘@iameter, providing continuous long-period recording or playback. 


HM you are contemplating a portable tape recorder, don’t buy any—until 
‘ou see the pREsTO RC-7 with 1014” reel adapter (RA-1). Without a doubt, 
its the best buy in professional tape equipment! , 


sent PRESTO RC-7 owners may convert their machines with 


this adapter for just $39.00. Write today for details! 


PARAMUS, NEW JERSEY 


Export Division: 25 Warren Street, New York 7, N. Y. 


Canadian Division: Ha Wolter P. Downs, Ltd. 
Dominion Square. Bldg., Montreal 


UFACTURER OF PRE 


He 


LD'S LARGEST 


Compare the RC-7 with any 
studio-type recorder 
Instantaneous speed accuracy 


Dynamic range better than 50 
db. at 3% distortion 


Three-motor drive 


No friction clutch or friction 
brakes 


Heavy duty construction 
throughout 


Separate erase-recording- 
playback heads 


Twin speed: 7%2"/sec or 
15”/sec. 


Frequency response to 15,000 
cps. 


Reel size: to 10%” (with RA-1 
adapter) 


Model RC-7 
with RA-1 
reel adapter 


get good reception 


X SERIES 


K SERIES 


a§t. TELEPHONE RECORDER 
J , < AAA 
A x 


t 
\ \ 
\ 


ee 
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sizes, shapes and contact arrangements there 
is no problem or technical requirement in the = 
radio, sound, TV or related fields that cannot 
be met. Cannon plugs are standard on leading 
makes of audio equipment and microphones. 


‘CANNON ELECTRIC 


Since 1915 =) 


“TELEVISION 
The high quality audio connectors shown 
above are available from all Cannon Fran- 
i istributors. In their great variety of 
chised Distributors g y M1 SERIES” 


FACTORIES IN LOS ANGELES, TORONTO, NEW HAVEN 
ives i inci ities. Address inquiries to Cannon Electric Co., 


Representatives in principal cities. 
Dept. G-201 Los Angeles 31, California. 


Anechoic Chamber 
(Continued from page 49) 
water trapped near the front sur. 
face. In view of these experiments 
it is considered likely that, at least 
in dry weather, these materials can 
also be used effectively to reduce 
reflections from obstacles near out- 

door antenna test ranges. 


Design of Chamber 


Physical Description: The frame- 
work of the chamber was built of 
2 x 4 in. lumber inside an available 
room, and is 20 ft. long, 10 ft. wide 
and 7 ft. 8 in. high. The absorbing 
mats are tied to the walls and ceil- 
ing with string and laid on the floor 
where necessary. Two access door- 
ways at either end are masked by 
screens of absorbing material on a 
portable framework. 

The transmitting antenna under 
test is mounted on an L-shaped arm 
(Fig. 5) which extends down into 
the chamber from a rotating mount 
on the roof of the chamber. The kly- 
stron oscillator is mounted on this 
arm and rotates with the antenna, 
The receiving antenna is on a roll- 
ing mount which is guided by a 
track down the middle of the floor, 
This mount contains a motor for 
rotating a linearly polarized antenna 
about its axis for automatic record- 
ing of antenna polarization char- 
acteristics. 

Maximum separation between re- 
ceiving and transmitting antennas is 
about, 13 ft. making possible the 
study of antennas up to W in. in 
diameter at X-band (around 32 
cm) and 18 in. at S-band (around 
10.0 cm), using the _ criterion 
Risin = 2D?/A, where D is the maxi- 
mum linear dimension of the larger 
of the two antennas.’ 

Theoretical Considerations: In the 
measurement of directive antennas, 
the greatest error in pattern occurs 
when the transmitting . antenna, 
whose pattern is being measured, 
has rotated so that it points at a 
spot on the wall midway between 
the receiving and transmitting an- 
tennas. At this angle, energy is 
transmitted from one antenna to the 
other by specular reflection off the 
wall. If the angle of rotation is 9, 
and the effect of the reflection is 
represented by an image antenna 
behind the wall, then the ratio of 
undesired to desired signal strength 


is 
Ee 
Ea Re V Pr Gr (6) Gr (8) ’ 
where R, is the distance between 
transmitting and receiving 
antennas, 
(Continued on page 102) 


Ri, /P: Gr (8) Gr (4) 
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COMPLETE LINE OF CORES 
TO MEET YOUR NEEDS 


*& Furnished in four standard 
permeabilities —125, 60, 26 
and 14, 


& Available in a wide range of 
sizes to obtain nominal in- 
ductances as high as 281 
mh/1000 turns. 


& These toroidal cores are given 
various types of enamel and 
varnish finishes, some of 
which permit winding with 
heavy Formex insulated wire 
without supplementary insu- 
lation over the core. 


eh a e.8 6.8 @¢ 628 6.6 @ Ce Aeeoeeneonveeneoee 


HIGH Q TOROIDS for use in 
Loading Coils, Filters, Broadband 
Carrier Systems and Networks— 
for frequencies up to 200 KC 


For high Q in a small volume, characterized by low eddy current and 
hysteresis losses, ARNOLD Moly Permalloy Powder Toroidal Cores 
are commercially available to meet high standards of physical and 
electrical requirements. They provide constant permeability over a wide 
range of flux density. The 125 Mu cores are recommended for use up to 
15 kc, 60 Mu at 10 to 50 kc, 26 Mu at 30 to 75 kc, and 14 Mu at 50 to 
200 kc. Many of these cores may be furnished stabilized to provide 
constant permeability (+ 0.1%) over a specific temperature range. 


*Manufactured under license arrangements with Western Electric Company 
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new HEPPNER 


line of 


ferrite 


roa 
antennas 


With mountings 
to your specifications or 
without mountings. 


~-A-alnnes held to + % of 1%, 


COMPLETE LINE INCLUDES: 
\y"' diameter x 8” long 
5/,¢'’ diameter x 8’’ long 
3%" diameter x 5” long 
5%’ diameter x 7” long 
or to your specifications 


OTHER HEPPNER PRODUCTS INCLUDE: 
Ainico P.M. Speakers: 

3”, 31%", 4" x 6”, 6%”, 8”, 10”, 12”. 
jon Traps: 

Snap-On, Slip-On and Screw types. 
Centering Devices 

P.M. Fecomags 

Fly-Back Transformers 


HEPPNER 


MANUFACTURING COMPANY 


Round Lake, Ilinois (50 Miles Northwest of Chicago) 
Phone: 6-216 


SPECIALISTS IN ELECTRO-MAGNETIC DEVICES 
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CILIA ALA! 


— 
% 

4 
nf 
= 

a 
ae 
ee 
_ 
— 
setae 
~— 
— 
— 
— 
_ 
~~ 
a 
_ 
— 
— 
— 
— 
- 
- 
on 
— 
a 
— 
_— 
“we 
— 
sae 
— 
ane 
ote 


Representatives: 


dames C. Muggleworth 

506 Richey Ave., W., Collingswood, N, J. 
Ralph Haffey 

2417 Kenwood Ave., Ft. Wayne 3, Indiana 
lev. M. Cochrane Co. 

408 So. Alvarado St., Los Angeles, California 
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R, is the distance between 
image and receiving an 
tennas, 

P, is the total power radia. 
ted by the transmitting an. 
tenna, 

P, is the total power radiated 
by the image antenna, 

G,(8) is the gain of the 
transmitting antenna, ; 

G,(6) is the gain of the re. 
ceiving antenna. 

If P,/P; = a (0,), the power reflec- 
tion coefficient of the absorbing ma- 
terial at the angle 0,, and if G,(6) 
= G,(9), i.e, transmitting and re- 
ceiving antennas are identical, then 


As a numerical example, if R,/R, = 
1/2 and a(6,) = 1%, as measured 
on single mats, then 


E, 
E| = 0.05, 
and the pattern could be in error by 
+ 1/2 db at this angle 0,. An error 
of this magnitude is usually toler- 
able. 
If 


Gr (4) 
Gr (0) 


Gr (6,) 


“s Gp (0) ’ 


this is, the receiving antenna is less 
directive than the transmitting an- 
tenna, the error becomes larger, so 
it is obviously advisable to make 
the receiving antenna as directive 
as the transmitting antenna, except 
at frequencies where a is so small 
as to make this precaution unneces- 
sary. It is not worthwhile, in gen- 
eral, to make the receiving antenna 
much more directive than the trans- 
mitting antenna, since this means 
increasing the separation, R,, in ac- 
cordance with R,,;, = 2D? /). In- 
creasing R, makes 0, smaller, which 
makes the factor R,/R, larger, and 
can make a (0,) larger. In addition, 
with 6, smaller, the interference 
occurs at angles closer to the main 
beam axis where most interest in the 
pattern is usually centered. 
Another case of interest is the 
non-directive beacon-type antenna. 
If a directive receiving antenna is 
used to measure its pattern the only 
significant reflections come from the 
back wall, directly behind the omni- 
directional antenna, since this is 
only spot in the main beam of the 
receiving antenna. Thus 


HR, 


This expression is independent of 
the receiving antenna gain as long 


ae Ve - 


on ee a -- . 2 


ae oy 


Son ee: in a on en, a ee ee 


i a wn . A: on) a. en. a ee ee ee ee ee a ee 


"4s that gain is sufficient to discrimi- 
nate appreciably against reflections 


from side walls. Here again if a (0) 
< 1% and R,/R, = 1/2, the pattern 
is accurate to at least + 1/2 db. 
Experimental Tests: In the fore- 
going simple theory, various 
assumptions have been made in- 
duding the one that the wall acts 
as a specular reflector whose reflec- 
tion coefficient may be measured on 
a single sample by the two-horn 
method mentioned previously. In 
order to see if these assumptions 
give a reliable guide to the use of 
the room, and in order to evaluate 


the room experimentally, three 
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Fig. 8: Pattern of 17.5-inch paraboloid showing 
effect of wall reflections when small non-direc- 
tive receiving antenna is employed at S-band 


kinds of experiments were per- 
formed. The first and most direct 
was to compare patterns measured 
in the chamber with those measured 
on a fairly reliable roof top site. The 
second was an attempt to measure 
teflections off the walls directly, 
Similar to the measurements made 
on individual mats. The third was 
a1 attempt to measure standing 
Waves set up in the room by reflec- 
tion off all the walls. 

(a) Comparison patterns for two 
fairly large antennas at X- and S- 
band are shown in Figs. 6 and 7. 
Fig. 6 shows E-plane patterns of an 
8-in. double-dipole-fed paraboloid 
at X-band (A = 3.2 cm.). Notice 
that the outdoor patterns are not 
perfect, showing some fluctuation at 
wide angles due to reflections off 
Nearby objects. It is felt that the 
agreement between the two pat- 
terns is good. The filling in of the 

minima was caused by phase 
ror, not by reflection. The spacing 

een antennas in the room was 
slightly too small to measure exactly 
the true far-field pattern. This per- 
turbation was small enough to affect 
only the depth of the minima. Fig. 7 
(Continued on page 105) 
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“TRANSISTOR” RESIS 


@ Wattage—1/8 
@ Length of body—9/32” 
@ Diameter of body—5/64” 


@ Resistance Range 4 ohms—250K ohm 
@ Accuracy +1°%, 
@ Maximum Rated Voltage—250 


These are the key specifications of “TINY” the No. DC-1/8 De- 
posited Carbon Resistor made only by Electra. It is especially adapted 
to all miniature requirements and like all Electra resistors, offers these 
advantages: 


STABILITY! You can depend on Electra Carbon-Coat Resistors. You 
get maximum stability regardless of resistance value tolerance. Order 
+1%, +5% or +10% —all are equally stable. 


ECONOMY! When you specify stability, accuracy and small physical 


size, Electra Carbon-Coat Resistors are your most economical buy. 


Electra Deposited Carbon Resistors are available in nine sizes 
from 1/8 watt to 2 watts; in resistance ranges from 2 ohms to 50 
Megohms; in resistance value tolerances of +1%, +2%, +5%, 
+10%; in hermetically sealed types as well as standard. 


For complete data write us today. 


ELECTRA MFG. COMPANY 
2537 Madison * Kansas City 8, Mo. 


Please send Bulletin E-4 giving complete speci- 
fications and characteristics of Electra Carbon- 
Coat Resistors. 


MAIL THIS COUPON 
‘TODAY! — 


bela 
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MANUFACTURER 
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THE AUGUST WEST COAST ISSUE 


of 


TELE-TECH 


& 
ELECTRONIC INDUSTRIES 
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HIGHLIGHTS 


@ Editorial Coverage of Every Phase of r 
West Coast Activity— research and development, manu- 
facturing, aviation electronics, motion pictures, computers, tubes, com- 
ponents, test equipment, broadcasting and video recording 

—civilian and defense . . . news and technical articles. 

e Annual Wescon Meet... 

complete up-to-the-minute review of the program... 

lists of technical papers . . . announcements of special meetings, 

tours, etc. . . . new items introduced at the show 

. . « list of Show exhibitors, etc. 

e A Special West Coast Electronic Industries 

Directory . . . containing names, addresses, top personnel, and tele- 
phone numbers of West Coast electronic manufacturers. 

@ West Coast Electronic Industries 

in Review . . .exclusive statistical analysis of each 

branch of the industry . . . general review article on West Coast 
electronic engineering . . . forecast for coming year. 

@ West Coast Electronic News... 

of professional and trade societies . . . personalities . . . plant 
expansions . . . new product . . . new literature, etc. 


REACHES 
21,000 TOP 
ELECTRONIC ENGINEERS— 


This looked-forward-to, 

thoroughly read West Coast Issue 
reaches the 21,000 top engineers in 
every part of the vast 

electronic industry throughout 

the nation. Through the 

pages of TELE-TECH, you can 
reinforce your personal selling to these 
engineers—the men who specify 
your products. 

Remember: special distribution at 
WESCON—1953, August 19-21. 
Closing date: July 1. 


RESERVE YOUR SPACE NOW! 


CALDWELL-CLEMENTS, INC. 480 LEXINGTON AVENUE NEW YORK CITY, 17 


TELE-TECH & ELECTRONIC INDUSTRIES * July 1953 


shows H-plane patterns of an 
§-band (A = 10 cm) dipole-disc-fed 
paraboloid, and again agreement is 
good between indoor and outdoor 
patterns. 

To illustrate the effect of wall re- 
flections, the patterns of the S-band 
antenna were repeated using a small 
non-directive antenna as a receiv- 
ing antenna, with results shown in 
Fig. 8. In this case, 0, was about 35° 
and a (0,) was several percent, as 
determined by single-mat measure- 
ments, so that in the region around 
$5° severe pattern distortion may 
be noted (compare Figs. 8 and 7). 
It is to be pointed out, however, that 
this distortion was effectively elim- 
inated by use of a directive receiv- 
ing antenna as shown in Fig. 7. 

(b) Using these same antennas, a 
direct measurement of wall reflec- 
tion was made by measuring pat- 
terns with the receiving antennas 
directed at various points on the 
side wall and noting the apparent 
increase in side lobe level due to 
reflection. By far the greatest reflec- 
tion was found at the angle of 
specular reflection, indicating that 
non-specular scattering plays a 
small part in the perturbation of 
patterns. Results for this one angle 
of incidence, 55°, (6, = 35°) which 
. was the largest feasible in the room, 
should represent a worse case, are 
shown below: 


Polarization With Maximum Power 


Respect to Plane Reflected 

Wavelength of Incidence (At 55°) 
3.2 em perpendicular —27 db 
3.2 em parallel —35 db 
10.0 em perpendicular —13 db 
10.0 cm parallel —23 db 


These measurements are a check 
on the single-mat measurements. 
They are obtained by a slightly dif- 
ferent method and measure reflec- 
tions from a whole wall instead of 
a single mat. The results are in good 
agreement. 

(c) Although in almost all cases, 
only the reflections from a single 
wall at a time need be considered 
when the perturbing effects of the 
room are taken into account, one 
experiment was performed which 
measured the effect of multiple-wall 
reflections. This was a sort of stand- 
ing-wave measurement. One omni- 
directional antenna, a monopole 
mounted on a ground plane, was 
swung in an arc about a similar 
antenna (see Fig. 9) and the rapid 
pattern fluctuations were measured 
to give an indication of reflections 
adding in random phase to the di- 
Tect signal. The fluctuations in the 
Neighborhood of the center of the 
Toom were converted into percent 
undesired signal power and the re- 
(Continued on page 106) 
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Precision-Built by 


ECLIPSE-PIONEER 


For more than 18 years, Eclipse-Pioneer has been a leader in the devel- 
opment and production of high precision synchros for use in automatic con- 
trol circuits of aircraft, marine and other industrial applications. Today, 
thanks to this long experience and specialization, Eclipse-Pioneer has 
available a complete line of standard (1.431” dia. X 1.631” Ig.) and 
Pygmy (0.937” dia. X 1.278” Ig.) Autosyn synchros of unmatched preci- 
sion. Furthermore, current production quantities and techniques heve re- 
duced cost to a new low. For either present or future requirements, it will 


pay you to investigate Eclipse-Pioneer high precision at the new low cost. 
*REG. TRADE MARK BENDIX AVIATION CORPORATION 


AVERAGE ELECTRICAL CHARACTERISTICS—AY-200 SERIES** 


; Retor Stater 
Input Voltage Input Input a. * Stater Output | Resistance | Resistance | Maximum 
Nominal Current Power | {i Voltages DC) go Error Spread 
neener Excitation |Milllampores | Watts Ohms Line to Line Sime Minutes 
1 sie AY201-1} 26V, 400~, 1 ph. 225 1.25 | 25+j115 118 9.5 3.5 15 
ansmitters 
; AY201-4| 26V, 400~, 1 ph. 100 0.45 | 45+j225 118 16.0 6.7 20 
Receivers AY201-2 | 26V, 400~, I ph. 100 0.45 | 45+)225 118 16.0 67 5 
AY201-3| From Trans. 5 onal 420 103 15 
Autosyn Dependent Upon Circuit Design 
Trans- 
formers | AV20I-5] | From Trea Dependent Upon Circuit Design = an is 
AY221-3 | 26V, 400~, 1 ph. 60 0.35 | 108+j425 118 53.0 125 20 
AY241-5| 1V, 30~,1 ph. 37 — | 240+j130 0.34 239.0 180.0 40 
Differentials | AY231-3 | From Trans. ‘ 140 108 20 
Autosyn Dependent Upon Circuit Design 
**Also includes High Frequency Resolvers designed for use up to LOOKC (AY251-24) 
AY-500 (PYGMY) SERIES 
Transmitters | AY503-4 | 26V, 400~, 1 ph. 235 2.2 45+j100 118 25.0 10.5 24 
Receivers AY503-2 | 26V, 400~, 1 ph. 235 22 45+j100 118 23.0 10.5 90 
AY503-3| From Trans. 5 ; 170.0 45.0 24 
Autosyn Dependent Upon Circuit Design 
Trans- 
formers | AYS03-5 ton Dae. Dependent Upon Circuit Design 550.0 188.0 30 
Reso! AY523-3 | 26V, 400~, 1 ph. 45 0.5 | 290+-j490 118 210.0 42.0 30 
ie AY543-5 | 26V, 400~, 1 ph. $ 0.1 |900+j2200 118 560.0 165.0 30 
Differentials |AY533-3 | From Trans. — 45.0 93.0 30 
Autosyn Dependent Upon Circuit Design 
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For detailed information, write to Dept. Dept. B 


ECLIPSE-PIONEER DIVISION of Bendix 


TETERBORO, NEW JERSEY CORPORATIO 


Export Sales: Bendix International Division, 205 East 42nd Street 


where do 
great ideas 


come from? 


Today, the great ideas that benefit mankind come... 
not from a struggling young genius in a garret... 
but from men who work in an environment _ rich 
with incentives, facilities and resources, enabling 
them to put their ideas into practical application. 


This is the kind of working environment 
that Magnavox has always provided its engineers. 
It is not surprising, then, that Magnavox engineers 

have developed many of the “firsts” in radio and television 
and are today among the leaders in the electronics industry. 


More than ever before, Magnavox engineers 

work under conditions conducive to creative thought. 
They constitute a completely 

self-contained, closely-knit organization 

devoted to engineering exclusively 

with all other services available to them. 


Needless to say, 
job satisfaction at Magnavox is unusually high. 


ff OPPORTUNITIES ARE GROUND FLOOR IN THE FIELDS OF: ——4 


Radar 

Radio — Commercial and Military 
Television — Monochrome and Color Electro-Mechanical Devices 
Magnetic Amplifiers Navigational Aids — Fire Control 


DESIGN — DEVELOPMENT — CIRCUITRY 
Electrical Engineers — Mechanical Engineers — Physicists 


Synchros — Servo Systems 
Magnetic Devices 


Please forward complete resume to: 
MR. BYRON D. SITES . 


THE MAGNAVOX COMPANY 


FORT WAYNE, INDIANA | 
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sults.for a 4-foot separation of an- 
tennas are shown below: 


Maximum Undesired Power % 


These measurements, though some- 
what approximate, agree fairly well 
with what might be calculated using 
single-sheet reflection coefficient 
measurements and taking into ac- 
count multiple-wall reflections in 


. random phase. 


Conclusion 


The room was designed princi- 
pally for use in the range from about 
3,000 to 10,000 mc. No difficulty 
should be observed in extending this 
frequency range upward since the 
absorbing properties of the material 
have been shown to remain good, at 
least through 60,000 mc. A gradual 
increase in reflection below 3000 mc 
makes the room less useful, though 
the results of the standing-wave 


Fig. 9: Standing-wave measurement set-up 


test and measurements on single 
samples indicates that the reflections 
at frequencies down to 1000 mc have 
not increased beyond the point of 
usefulness. When the room was be- 
ing constructed, some thought was 
given to building it in some shape 
other than rectangular. The side 
walls might be corrugated or the end 
walls brought in in a wedge. If a 
fixed setup were used such devices 
might prove useful in further reduc- 
ing reflections. In our case, the good 
results obtained plus the fact that 
it was difficult to design the room 
to minimize reflection for all possible 
setups led us to adhere to the sim- 
ple rectangular shape. 

In conclusion, it seems that the 
results of measurement on a single 
sample may be applied by means of 
a simple image theory to give correct 
order of magnitude for the perturb- 


ing signals due to reflections. In our 
chamber, though it is relatively 
small, patterns of X-band antennas 
up to 10 in. in aperture dimension 
may be safely measured with results 
often better than those on an aver- 
age roof site. The absorbing material 
js more than adequate at X-band. 
At S-band, with the precaution of 
using as directive a receiving an- 
tenna as the antenna under test, 
antennas up to 18 in. may be safely 
measured to an accuracy of about 
1/2 db out to pattern angles where 
the signal strength is 20 db down. 
Omnidirectional antenna patterns 
may be measured to an accuracy of 
less than + 1/2 db from 3000 mc 
up, with slightly reduced accuracy 
between 1000 and 3000 mc. 


1S, Silver, Microwave Antenna Theory and Design, 
ae Series, vol. 12, McGraw-Hill 1949, 
p. 3 


Evacuated Junction 
Transistor Developed 

Bruce A. Coffin, president of CBS- 
Hytron, Danvers, Massachusetts an- 


hounces a new evacuated junction 
transistor. Sealing each transistor in a 


vacuum is a further improvement upon | 


the original hermetic sealing of tran- 
sistors announced less than two months 
ago by CBS-Hytron, a division of 
Columbia Broadcasting System, Inc. 
The surfaces of junction transistors, 
commonly used in electronic hearing 
aids, are extremely sensitive to mois- 
ture. Manufacturers of transistor hear- 
ing aids report that for dependable 
operation, transistors must be sealed 
against moisture. Ordinary junction 
transistors encased in molded plastics, 
they have discovered, are short-lived. 
All polar molecules that in time might 
deposit themselves upon the junction 
boundary line of these transistors are 
removed by the evacuation process, un- 
wanted leakage of applied currents and 
the resultant and gradual break-down 
of the transistors are eliminated and de- 
pendable operation is assured by this 
new CBS-Hytron evacuation process. 


Bellford Plans Move 


Bellford Metal Products Co., presently 
located at 5511 Bellford Ave., Cleveland 
27, Ohio will soon move to new and 
larger quarters in Solon, Ohio. The 
company manufactures all types of hex 
head screws by the cold heading 
process. 


S-Band Sweep Generator 
and Test Set 


In the article “S-Band Sweep Gen- 
erator and Test Set,” published in the 
June 1953 issue of TELE-TECH & 
ELECTRONIC INDUSTRIES, page 116, 
credit for the co-authorship of Mr. 
James H. Kluck of the Naval Research 
Laboratory was inadvertently omitted. 
Co-author with Mr. Kluck is Mr. Roy E. 
n. 
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Covering the Coronation 


Despite Magnetic Storm 
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ber 233 borate We take pleasure in informing you that during 
ee te, Tt08s tas, our coverage of the recent Britisli Coronation ceremonies 
Genta : your diversity single-sideband receiver Model 155 main~ 


tained high quality reception under trying conditions. 


The importance of your Crosby Triple-Diversity wt ine 
Single-Sideband Receiver, Model 155, in our covering the pike tee, 
British Coronation ceremonies cannot be over-emphasized. a ‘oh D, me, ike, 
We depended on this remarkable receiver, as well as Pe A en 
Model 154H, for both precision performance and complete snttneer., 


reliability under the most severe conditions of inter- 
ference and fading. 


a 


= 
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SINGLE-SIDEBAND AND EXALTED CARRIER DIVERSITY RECEIVERS * BROADCAST AND COM- 
MUNICATIONS APPARATUS * MULTIPLEX TRANSMITTING AND RECEIVING EQUIPMENT 
COMPLETE ENGINEERING SERVICE 
Founded in 1948, Crosby Laboratories, Inc. is an engineering, development and 
production firm whose accomplishments include many original contributions 
to the science of long-range radio communications. The organization is staffed 


by electronics engineers with more than twenty-five years’ experience in the 
fields of radio communications and applied electronics. 


For complete. interesting literature, write to— 


620% i 
Serr 


CBS-TV City chooses Century 


For their brand new, 
pace-setting studios in 
CBS-Television City, 
Hollywood, CBS-TV uses 
arr enormous battery of 
lighting equipment—much 
of it supplied by Century. 
To control these lights 

they selected the C-] 

Board, Century's advanced, 
all-electronic system 

for studio light control... 
and from what they've written 
us, the Century installation 
meets all requirements 
handsomely. Just one more 
indication that Century is 
‘way out in front in TV 
studio lighting 


CENTURY LIGHTING, INC., 
521 WEST 43RD STREET, 
NEW YORK 36 


626 NORTH ROBERTSON 
BOULEVARD 
LOS ANGELES 46 


Cunningham For broadcast studio master control and monitor switching of 
Gaines audio and video circuits . . . intercoms . . . telegraph 
XS . « « Computers . . . many other applications. 
Extreme flexibility. Fast and quiet switching 
\ with low crosstalk level. Any group of setups 
may be held intact while setting up others. 


crossb ar Provision for spot or remote control. 


For details of Model 10X10 

this truly Connects any of ten cir- 
superior switch, cuits in horizontal plane 
write to any of ten vertical. 


JAMES CUNNINGHAM, SON & CO., Inc. DEPT. T-1 ROCHESTER 8, NEW YORK 


Tape Reader 


(Continued from page 35) 


ern version of the vacuum reader 
principle which is capable of reading 
8 hole, one-inch wide tape at speeds 
up to about 25 per second. The relj- 
ability is extremely high and tapes 
may be run and rerun several hun- 
dred times without error. 


Electrical Contacts 


In the pneumatic tape reading 
head shown in Fig. 1, one pair of 
electrical contacts per tape hole is 
provided. These contacts open and 
close as the perforated tape passes 
over a reading head. No auxiliary 
equipment or amplification is neces- 
sary except for a vacuum pump, 
Eight holes corresponding in position 
to each of the possible hole locations 
across the tape are either open or 
stopped as the tape moves. A vac- 
uum manifold which connects with 
each of the eight sensing holes 
causes a momentary pressure drop 
in any of the eight associated air 
passages when the sensing holes are 
blocked by the tape. Then when a 
tape hole passes across a sensing 
hole, the pressure quickly rises to 
atmospheric, These pressure pulsa- 
tions are transmitted to miniature 
bellows-actuated switches which 
open or close their respective cir- 
cuits in accordance with the coded 
tape information. 


Operation 


The operation of a typical hole 
reading pneumatic switch may best 


be understood by referring to Fig. 2. . 


This is a schematic representation of 
the pneumatic circuits for two holes. 
Here we have a solid block in which 
have been drilled a number of inter- 
connecting passages. The perforated 
tape is pulled over the holes at uni- 
form speed by means of a driven pin 
wheel. Let us assume that hole A is 
open; hole B closed and that a vac- 
uum pump capable of maintaining a 
vacuum of 20 to 24 in. of mercury is 
connected to the manifold as shown. 
The absolute pressure in the vacuum 
manifold is called P,. 

Outside air at atmospheric pres- 
sure will flow into “A”, through the 
small orifice B and into the mani- 
fold dropping in pressure to P,. Bel- 
lows operated switch SW,, being 
vented to the atmosphere through A, 
will close due to the spring action of 
the bellows. Simultaneously, reading 
hole C being stopped by the tape 
permits the pressure in the bellows 
switch SW, and its associated con- 
necting passages to drop rapidly to 
P, in the vacuum manifold. All flow 
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through orifice D ceases, P, becomes 
equal to P,, and SW, opens its. con- 
tacts. The construction of a bellows 
switch is shown in Fig. 3. The essen- 
tial parts are a movable, grounded 
contact fastened to the end of a me- 
tallic bellows; a fixed insulated con- 
fact mounted on an adjustment 
screw and an outer housing to main- 
tain all the components in a rigid 
relationship to one another, 


Reducing Air Volume 


Not shown in Fig. 3 is a drilled 
metal plug extending into and almost 
filing the interior of the bellows. 
The purpose of this important design 
feature is to reduce the volume of air 
included in the bellows to a mini- 
mum permitting only the maximum 
necessary bellows deflection which 
is of the order of %2 in. Thus the ef- 
fective bellows cross-section may be 
large to attain sufficient pneumatic 
actuating force together with mini- 
mum operating time. 

Fig. 4 shows a laboratory experi- 
mental set-up of an 8-hole pneu- 
matic tape reader. The tape is pulled 
across the reading head by means of 
a sprocket pin-wheel at a speed of 
25 in./sec, which with standard hole 
Spacing, is equivalent to 25 pulses 
per second, 

The tape supply and take-up reels 
are driven in opposite directions 
through slipping clutches to maintain 
alight but constant tape tension. To 
facilitate changing tapes, the supply 
reel is mounted in a vertical plane 
and rim driven. 


Output Pulses 


Tests thus far performed on the 
Martin Pneumatic Tape Reader in- 
dicate that under dynamic-operating 
conditions with an actual test tape, 
extremely accurate high amplitude 
output pulses may be obtained. 
These pulses when measured at a 
repetition rate of about 15 per sec- 
ond show an “on” time of 50 milli- 
seconds, “off” time of 20 milliseconds 
with switch contact forces approxi- 
mating 4 oz. 

Tape threading problems with a 
Pheumatic reader are minimized 
Since atmospheric pressure on the 
tape over the closed holes is suffi- 
tient to maintain the paper in inti- 
Mate contact with the reading head. 

Credit for the success of this proj- 
€ct is due to Mr. W. Black who did 
much of the detailed mechanical de- 
Sign and Mr. C. Herzog who pains- 
takingly constructed the first model. 

All the work in the development 
was performed at The Glenn L. Mar- 
tin Co. under the sponsorship of the 
U.S. Army Signal Corps. 
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Advancements in the 
fields of wave 
propagation, 
translation of 
information, 
communication theory, 
circuit techniques 
and equipment 
miniaturization have 
created a number of 
new openings for 
qualified engineers in 
the Hughes Advanced 
Electronics 
Laboratory. 


ee a a ee 


THE COMPANY 

Hughes Research and De- 
velopment Laboratories, 
located in Southern Cali- 
fornia, form one of the 
nation’s leading electron- 
ics organizations. The per- 
sonnel are presently en- 
gaged in the development 
and production of ad- 
vanced electronics systems 
and devices. 


AREAS OF WORK 

The communication group 
is concerned with the de- 
sign and development of 
unique radio communica- 
tion systems and with ex- 
ploiting new radio com- 
munication techniques. 
Specialists in propagation 
phenomena, antenna sys- 


How to apply 


————— — 


tems, network -theory, 
magnetic recording, wide- 
band amplification, and 
intricate electromechani- 
cal devices are active in 
this program. 


THE FUTURE 

Engineers who enjoy a 
variety of problems re- 
quiring originality and 
ingenuity find the proper 
environment for personal 
advancement in these ac- 
tivity areas. Widespread 
future application of ad- 
vanced communication 
techniques will enable the 
Hughes engineer to take 
full advantage of his ex- 
perience as the Company 
expands commercially, 


Write today, giving details of 
qualifications and experience, 
Assurance is required that re- 
location of the applicant will 
not cause disruption of an ure 
gent military project. 


le RAs a oe poo b---4-------------- 
! I 
Scientific CULVER CITY, 
Hughes and | LOS ANGELES 
Engineering COUNTY, 
Staff CALIFORNIA 
! 1 
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TECHNTE ING. 
enables you to do 


GOLD PLATING 


with scientific accuracy 


* 


With gold plating methods developed by Technic 
Inc., you can now achieve accurate control of 
quality, evenness, thickness, color, and hardness 
of gold deposits. Through cycle plating that is 
practically automatic in operation, we have 
virtually converted the old art of plating gold to 
an exact science. 


Factors in successful application of our methods 
are the absolute stability of quality of our gold 
plating solutions and specification of standards 
for automatic control of replenishing the bath, 
coupled with an automatic timing device which 
ensures precision in operation and eliminates 
human error. 
k 


When you refer plating problems to Technic Inc., 
we solve them by application of a thorough service 
— consisting of specifications for a complete in- 
stallation or correction of faults in your present 
installation, schedules for solutions and timing, 
assignment of an engineer who stays with the job 
until your installation is working at full efficiency. 


Write for 


“ELECTROPLATED GOLD”’ 


Technical Data Sheet 


our intormative 


ivanc ed 


with production 
which rely on 
plating installations 


e reducing cost 


Our Controlled Gold Plating methods result in 
complete dependability, elimination of waste of 
precious metal, high increase in production, 
better appearance of product — together with 
significant reduction in operating personnel, re- 
jects and all-over costs. Send us your plating 
problems for review, or call in a Technic engineer 
for consultation. No obligation is involved. 


TECHNIC INC./ 


39G Snow Street, Providence, R. 1. ‘ 


JAckson 1-4200 


THE LARGEST ENTERPRISE OF ITS KIND IN THE WORLD 


BRASS SLEEVE @ 
WOT TINNED 
<NURLED NUT = 
Me 18 THe 
PLATING ~ BUR. 


BASS PLUG BODY= 
TIN PLATE 10 20 mst 


CERAMIC = STEATITE ® 
VACUUM Wak ed 


% DIA STD BRass 
TUBE PRONG 
MEAVY OVER PLATE 


SUPPLIED IN 1 & 2 CONTACT TYPES 


SHIELDED TYPE 


PLUGS & SOCKETS 


LOW LOSS PLUGS AND 
SOCKETS FOR HIGH 
FREQUENCY CONNECTIONS 


For quality construction thru- 
out, and fine finish, see dia- 
gram above, 

101 Series furnished with 
V4", .290", 5/16", %", or V2" 
ferrule for cable entrance, 
Knurled nut securely fastens 
unit together. Plugs have cer- 
— nanny sockets bake- 

e. Assem meets Navy -202- 
specifications. P-202-CCT 

202 Series Phosphor bronze 
knife-switch type socket con- 
tacts engage both sides of 
flat plug contacts—double 
contact area. Plugs and 
sockets have molded 
bakelite insulation, 


For full details and 
engineering data ask 
for Jones Catalog No. 18, 


JONES MEANS PROVEN QUALITY 


$-202-B8 


Howanpn B. Jones Division 


H MANUFA RING RPORAT 


f NITED ARR FASTENER CORP 


ada Sho ae 
BEFORE YOU SPEND 
TIME AND EFFORT TO 
DESIGN YOUR OWN 
MOLDED PLASTIC PARTS — 
THINK OF SAVING THAT COST, 
PLUS TOOL COSTS, WITH 
THESE GRAYHILL STOCK PARTS. 
ASK FOR 
COMPLETE INFORMATION 
AND CATALOG. 


Contact 
Blade Spacer 


Coil 
Form 


Coil Form 
Insulator 
Bushing 


Holder 


Shoulder 
Washer 
Germanium 
Crystal ( 


Stond-Off e 
Insulator resey hill 
A 
543 Hillgrove Avenue, LaGrange, Iilinols 
Phone: LaGrange 8000 
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Printed Circuit 
(Continued from page 38) 


suppliers. The solvent capacity is 
approximately 8 ounces of copper 
per gallon. 

On completion of the etching 

ess, the plate is rinsed free of 

etch and wiped dry. Cold top enamel 
remover applied by means of a cot- 
ton swab wound on the end of a 
glass rod is effective in removing 
the remaining resist. Fine steel wool 
may also be used to clean off the re- 
sist especially when the highly cor- 
rosive action of the enamel remov- 
ing solution is to be avoided. As an 
aid to soldering, the plate may be 
given a silver flash by immersion in 
a 10% silver cyanide solution for a 
few seconds. 

Following is a list of equipment 
together with sources of supply: 


Photoengraving Supply Firms: 
Vinyl film and glass plate nega- 

tive materials. 

Photographic and photoengrav- 

ing chemicals. 
Darkroom equipment and cam- 
eras. 

Cleaning materials (pumice 

brushes, etc.) 
Cold top enamels, developers 
and removers. 

Whirlers, sinks, developing 
tanks. 

Vacuum frames and pumps. 

Arc lamps. 

Etching machines and etching 
solution. 

Silk Screen Suppliers: 

Vinyl base cutting film (pro- 
film). 

Acrylic sprays. 

Retouching brushes and knives. 

Printing frames. 

Viny] film. 

Drafting Material Suppliers: 
Glass base drawing cloth. 
Drafting instruments and sup- 

plies. 


Junction Transistor 
| Price Reduction 


The Raytheon Manufacturing Co., 
Receiving Tube Division has announced 
@reduced user price of $4.50 for the 
— CK722 junction type tran- 


‘The company believes that this an- 
Nouncement will be of special interest 
tothe experimenters and engineers who 
intend to enter the Raytheon $10,000 
transistor contest which is based on 
a piece of electronic equipment 

rating one or more CK722 tran- 
sistors. Official entry blanks for this 
Contest which closes at midnight, 
August 31, 1953, may be obtained from 
any Raytheon Special Purpose Tube 
utor. 
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Are You Switching to Printed Circuits ? 
You Need CASTOMATIC® Solder! 


Printed circuits save on solder and soldering time. In this work you don’t use 
much solder and it doesn’t cost much compared to what you are manufacturing. 
Therefore the solder should be the best quality you can buy . . . Federated 
CASTOMATIC bar solder. Here’s why machine-cast CASTOMATIC is the best: 


1. Free of Dross—the patented, pressurized casting system keeps air out; 
harmful dross-producing oxides are thereby excluded. Solder flows 
freely through tiniest openings. Your solder bath stays cleaner. 


2. Uniform Composition—electronically controlled machine casting eli- 
minates segregation of constituents. Joints are trouble-free. Every 
bar of a given analysis melts at the same temperature. Each piece 
of a bar of eutectic solder, for example, will melt at almost 
exactly 362°F. 


Ask for a sample of CASTOMATIC. It will prove itself. Just return coupon for 
prompt action. 


Picture courtesy Photocircuits Corp., Glen Cove, N. Y. 


eddie Tlilalse- Division 


AMERICAN SMELTING AND REFINING COMPANY 
120 BROADWAY, NEW YORK 5, N. Y. 
In Canada: Federated Metals Canada, Ltd., Toronto and Montreal 


[-] Please send a salesman. 


[-] Please send me a sample of CASTOMATIC solder. 


MY NAME TITLE 


COMPANY NAME 


ADDRESS. 


CITY. ili di ZONE 


Designed for High Voltage RF Switching... 


JOHNSON 


RF CONTACTORS 


POSITIVE, FAST 
TOGGLE ACTION! 


Series 145-100, 145-200 


Rugged and compact with fast, snappy 
action, these JOHNSON contactors were 
designed primarily for high voltage RF 
. switching, but are sultable for many 
other applications. Mount in any position 
— Wiping contacts mounted en low-loss 
insulation stay aligned, and contact is maintained even under conditions of ex- 
tremely heavy vibration. 

Available in two sizes with voltage ratings of 17KV and 22KV peak, these 
JOHNSON contactors have a current rating of 25 amperes per contact. Both 
contactor models are available with SPDT and DPDT contact arrangement with or 
without two auxiliary single pole switches. Solenoids are wired in series for 230 
volt operation but may be connected in parallel for 115 volt operation. No hold- 
ing current Is required. 


For complete description and prices, write for "RF CONTACTOR" data sheet 


E. F. JOHNSON COMPANY 


cuers INSULATORS PLUGS JACKS DIALS AND FILOT LIGH 


208 SECOND AVENUE SOUTHWEST * WASECA, MINNESOTA 


$ e Electrical Engineers 
oe nog © Chemical Engineers 


ervo Engineers me 
woudl Research Analysts @ Physic 


h and development 
The ‘ s at 


h Laboratory 


e Co. and its subsidiaries 


The Researe 
Westinghouse Air Brak 
offer excellent oppor 
essional achievement to 


of tunities for 


qualified men. 
prof 


Write to Personnel Director, 


MELPAR, INC, cert. 


452 Swann Avenue 


Alexandria, Virginia 
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ABC Audio 


(Continued from page 42) 


amplifiers are mounted in the 
equipment room racks, 

All racks were assemblied and 
wired in the GE plant. It is worth 
noting here the wire which was 
used for all the rack wiring, GE 
made use of their FA-19-K wire 
which is a three-conductor shielded 
cable with an outside diameter of 
only 0.118 in, The cable is composed 
of two nylon insulated #22 conduc. 
tors and one bare #20 conductor, 
The three conductors are twisted 
together in a two-inch lay and a 
shield is spiralled around this as- 
sembly (not braided). Over this 
shield is an extruded nylon outer 
jacket. The amount of wiring which 
would normally require a 1.25-in, 
conduit can be put in a 0.75-in. pipe 
when this type of cable is used. 

Another feature of the wiring of 
all racks was the use of wiring 
ducts. These ducts are U-shaped 
metal channels equipped with read- 
ily removable full length covers, 
The ducts are 77-‘%e in. long, 4 in, 
wide, and 1-% in. deep. One side of 
the duct has forty-two slots, each 
fitted with a 5-in. rubber grommet, 
The duct is designed to be installed 
in the rear of a cabinet rack with 
the slotted side of the duct facing 
the front of the rack. The use of 
these ducts eliminates the need of 
lacing and supporting cables and 
makes wiring changes a simple mat- 
ter. In some cases as many as 320 
FA-19-K cables were carried in two 
of these wire ducts. 


**Break-in” System 


To fill the Output Switching re- 
quirements, it was necessary to dis- 
tribute any of 24 program sources to 
eight outgoing channels with ad- 
vance preset control. In addition, a 
“Break-in” system was to be pro- 
vided for flash announcements, 
which would by pass the normal 
switching system without disturbing 
the “Preset” and “On Air” status of 
the switching system. ' 

One of the first things which 
considered in the design of the 
switching system was whether or 
not it should be an all-relay system 
or a direct switching system. The 
GE engineers felt that a satisfactory 
system could be developed around a 
special spring leaf contact switch, 
activated by interlocked push-but- 
tons. Such a system, they believed, 
would result in the following: less 
wiring in manufacture, lower mate- 
rial costs, and less labor and wiring 
requirements for installation. It was 
decided to design the switching sys- 


‘tem around the special push-button 


switches. 

When the circuit design for the 
switching system was complete, the 
requirements in a switch then be- 
came known. Since it was required 
that 24 inputs be switched to an 
output channel, it was obvious that 
any mechanically interlocked 24- 
button switch would be impractical 
due to mechanical tolerances and 
effort required to operate such a 
switch. It was then decided to use 
two 12-button switch assemblies 
and work out an electrical inter- 
lock between two mechanical switch 
assemblies. 


Push Button Switches 


As a source of supply for such a 
switch, GE turned to the Donald P. 
Mossman Co., manufacturers of a 
wide selection of push-button 
switches which use nickel silver leaf 
spring with palladium contacts, in- 
stead of the customary slide type of 
contact found on most push-button 
switch assemblies. This type of con- 
tact spring assembly being identical 
to those used on relays, provides a 
trouble-free, long-life, self-cleaning 
switch. The final specifications for 
the switch called for a 12-station 
mechanically interlocked push-but- 
ton switch with electrical “lock-in” 
and “release” features. Each posi- 
tion of the switch was to have nine 
form “A” contact combinations and 
the interlock latch bar was to be so 
constructed that no two buttons 
could be depressed simultaneously. 
Through the efforts of Mr. Donald 
P. Mossman, Jr., and his company, 
the switch of Figs. 6 and 7 was de- 
signed and manufactured. 

In regard to the “release” and 
“lock-in” features of these switches. 
In order to operate two 12-station 
Switches as one 24-station unit, a 
“release” solenoid was mounted on 
the end of each switch assembly. 
The solenoid, when energized, ex- 
erts a pull on the latch bar which in 
turn releases any button which has 
been latched in. These solenoids are 
operated by series contacts on the 
Switches. The operation is such that 
when a button on one switch is de- 
pressed, any button which was de- 
pressed on the other switch will be 
released. 

Since the system was to operate 
on a “Preset” principle, two 24-sta- 
tion Switch groups had to be pro- 
Vided for each output channel. This 
allows one switch group to be in an 
“On-Air” status, and the other 
froup available for “Preset.” The 
changeover from one group to the 


other is accomplished through the 


. (Continued on page 114) 


Plug in mounting 
for standard application 


Plug in mounting 
for printed circuits 


Compare these features... 


* 
k 
* 
* 


Wide range of impedances to cover all applications 
Excellent Stability & High Gain 
Micrometer core adjustment 


Compression moulded plastic base for auto radio and other 
high temperature applications 


* Individually tested and visually aligned and preset before 
shipping 

Send us your inquiries for delivery and quotations. Request our 

free catalog and engineering handbook. 


incorporated 


RAYPAR 


7800 WEST ADDISON STREET ® CHICAGO 34, ILLINOIS 
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thermistors 


Maybe your need for these temperature reapon- 
sive resistors can be satisfied by a type we carry. 
in stock, Maybewyou require a specially developed 
type. In either Gase you can depend on Bendix- 
Friez to provide precision-made thermistors to 
serve you with maximum efficiency. High stand- 
‘ards of quality control in manufacture make 
Bendix-Friez Thermistora pre-eminent in their 
field .. . assure you of utmost satisfaction, 


STANDARD TYPES FOR IMMEDIATE DELIVERY 


precision-made to your needs...) 


me 


Size (inches) | @ ++30°C. @ 0°C. 
140 x .75 45.0 ohms 86 ohms 
040 x 1.5 12,250 ohms | 26,200 ohms 


018 x 1.5 | 35,000 ohms | 82,290 ohms 


@ —30°C. 
194 ohms 
65,340 ohms 


229,600 ohms 


Write for details, 


DEFLECTION 
YOKES 


FRIEZ INSTRUMENT DIVISION of .. 
1490 Taylor Avenue, BALTIMORE 4, MARYLAND 


& Sales: Bendix International Division 
Fifth Avenue, New York 11, N, Y. 


| Used in this typical application 


: 
’ 


for sensing the temperature of 
hydraulic oll. 


Boost Your Quality Standards 
with \ DLX } FLECTRONIC C UMPORENT 5 


SPECIAL 


If you require exacting quality and dependable performance, let 
DX engineers figure with you on your next production run. Users 
of DX components enjoy exceptional freedom from field failures. 
This advantage can be yours at no extra cost. Write today. 


DX RADIO PRODUCTS CO. 


S$: 2300 W. ARMITAGE AVE... CHICAGO 47 iLI 


ASSEMBLIES 


TOROID FILTERS...1. F. TRANSFORMERS...R.F. COILS... DISCRIMINATORS 
TRANSFORMERS....TV TUNERS...1ON TRAPS... SPEAKERS 


“the heart of a good television 


use of a flip-flop relay. The “lock. 
in” feature makes use of a second 
solenoid mounted on the opposite 
end of the switch from the release 
solenoid of each switch assembly, 
This solenoid, when energized, locks 
the latch bar in position so that it 
cannot be moved to release a de. 
pressed button. These “lock-in” go- 
lenoids are energized whenever 
their associate switches are in an 
“On-Air” status. This prevents ac- 
cidental release of a program source 
when “Presets” are being made. 


Maintenance Requirement 


This maintenance requirement 
was met by mounting two switches 
on a mounting plate. All the neces- 
sary wiring of the assembly was 
cabled out to four 35-pin Cinch 
connectors. The required cross-wir- 
ing between the two switches of an 
assembly was made with enough 
slack allowed to permit spreading 
the switches apart, when they are 
removed from the mounting plate. 
This permits easy accessibility to 
every contact for cleaning and 
adjustment. 

Each output Switching Panel pro- 
vides facilities for two output chan- 
nels. Therefore, four of these 
switch assemblies were required, 
All assemblies are electrically and 
mechanically interchangeable. 


In addition to the switch assem- 
blies, each switching panel was fur- 
nished with “break-in” selector 
switch, operate key, and VU Meter 
for each of the two output channels. 


The switching system was de- 
signed to provide for “Preset” type 
of operation and included such fea- 
tures as follows: remote release, 
“Program On” indications and a 
complete status’ light system which 
extended “Preset” and “On Air” 
lamp indications to all studios. 


Flip-Flop Relay 


In the operation of this switching 
system, the changeover from one 
bank of switches to the other bank 
is accomplished through the use of 
a mechanically interlocked flip-flop 
relay and an associated relay which 
transferred all indicator and con- 
trol circuits. The flip-flop relay re- 
quires only a short pulse to change 
its position and requires no holding 
current while in either position. It is 
worth mentioning here that this 
pushbutton switching system, alang 
with its mechanically interlocked 
flip-flop relay, will not drop or re- 
lease any program connections in 
event of a 24-volt power supply 
failure. Program switching can 
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be carried on by pushing the but- 
tons of the desired program sources. 
Only indicator lamp and “lock-in” 
protection are lost with a relay 
power failure. 

The “Remote Release” feature of 
the switching system permits the 
Master Control Operator, at his dis- 
cretion, to delegate “Release” of an 
output channel to the studio which 
is “On-Air.” The Master Control 
Operator can release each channel 
individually, or collectively, by 
making use of either one of two 
group release circuits, This feature 
permits any or. all channels to be 
switched simultaneously by depress- 
ing a single push key. 

Germanium diodes were em- 
ployed for two purposes in the con- 
trol circuits of these switching 
panels. One application of these 
diodes was for click suppression of 
all solenoid and relay coils. General 
Electric type 1N48 diodes were used 
for this purpose. The current and 
voltage ratings of the 1N48 diodes 
were found to be adequate for this 
application on 24-volt control 
circuits. 

A life test on this type of applica- 
tion was run by the GE Components 
Lab. In this test, twenty 24-volt 


CHANNEL | CHANNEL 2 


REMOTE STUDIO 
Pp 
th 
Lame Si-8 LAMP, $2-8 
@ ix 
REMOTE STUDIO 
1D, LAMP CHANNEL | CHANNEL 2 
3e PRESET 3 PRESET 
© noo ts oe 5 nae fe as 
. —— 25 
« uc si uc $2 
IND. « INO. 
i. 
24v 


Fig. 8: (a) Wiring for usual switching circuit. 
(b) Use of diodes cut required wiring by 20% 


relays were used. A 1N48 diode was 
connected in the proper. polarity 
across each relay coil to suppress 
the induced voltage when the coil 
circuit was opened. These relays 
were then operated by an inter- 
Tupter device for a run of well over 
500,000 operations without a diode 
failure. At specified periods during 
the test observations were made on 
an oscilloscope and no spikes were 
observed. 

The advantages of this type of 
click suppression are two-fold. 

m an electrical viewpoint, a 
much better job of click suppression 
8 accomplished than by the usual 
resistor and capacitor combination. 
Mechanically, it results in a. saving 
of material and space. This is possi- 
because the small size and 
(Continued on page 116) . 


ELECTRICAL CHARACTERISTICS — TYPICAL TYPES 


Victoreet Adds.-- 


CURRENT REGULATOR TUBES 
TO ITS RAPIDLY GROWING LINE 


ELECTRONIC 
COMPONENTS 


Type No. 


Currents (Amps) 


CR1635-5 
CR1700-2 


CRM1700~2 


CR3500-3 
CR4200-3 


3800 PERKINS AVENUE 


Now you can specify Victoreen Current Regulator Tubes. Replace that expensive regulating 
circuit with a single tube designed to regulate line or battery current efficiently, simply and 
at low cost. In Victoreen Current Regulator Tubes change in current is automatically 


compensated for by change in resistance. 
CURRENT RANGE ... Many tube types 
available—.025 to 6 amps. A.C. & D.C. 
VOLTAGE DROP... Varies 1 to 100 V 
depending on current, bulb size. 
PHYSICAL SIZE . . . Standard T-6, T-9 or 
ST-14—octal or miniature base. 
ENVIRONMENTAL CONDITIONS... 
Reliable operation at extreme temperatures, 
humidity, altitude. 

oe SPECS ... Type approved tubes avail- 
able. 


Write for further details —include 
specifications for your application 


The Victoreen Instrument Co. 


bd CLEVELAND 14 OHIO 
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Little G-E lamp is lens and bulb 


Eliminates cost of 
separate lens 


Makes product assembly 
much easier, cheaper 


You can add the extra safety and convenience of a 
beam of light to any home appliance, business ma- 
chine, electrical or electronic device easily and at 
low cost with a General Electric lens-end bulb. 


Because this lamp replaces the two pieces usually 
needed to do the job... bulb plus separate lens . . . 
assembly is easier, cost is lower. For more infor- 
mation about this and other small G-E lamps for 
your products, call your G-E lamp supplier, or 
write General Electric, Lamp Division, Dept. 
166-TT-7, Nela Park, Cleveland 12, Ohio. 


GENERAL @) ELECTRIC 
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| ELECTRALAB designs and manufactures 
| PRINTED CIRCUITS 


for practically any electronic unit 


Illustrated is an ELECTRALAB printed cir- 
cuit for an automobile radio. Note the neat- 
ness of-—circuitry. You can easily see how 
assembly time was reduced to a minimum. 
This is a good example of printed circuits in 
use where a circuit must be duplicated many 
times with unerring accuracy, 


_ Here are some of the unlimited applica- 
tions for ELECTRALAB printed circuits: 


’ Hearing Aids Guided Missiles 
Timing Devices Radar 


Industrial Controls Television 
Business Machines Motor Controllers 


ELECTRALAB printed circuits MERELY SAVE 
YOU MONEY... by... 


— Cutting assembly ‘time and labor costs 
— Eliminating certain operations 

— Lowering reject waste 

— Reducing inventory costs 

— Saving testing and inspection time 

— Simplifying trouble-shooting and servicing 


Why don’t you take advantage of ELECTRALAB's engi- 
neering facilities before you design or re-design your circuits. 


ELECTRALAB INCORPORATED 


107 FIRST STREET, CAMBRIDGE 41, MASSACHUSETTS 


TRANSFORMER ENGINEER WANTED 


Well versed in design of Transformers for the Electronic Industry required by 
@ fast growing Transformer Manufacturer in Chicago, manufacturing power 
transformers, Output Transformers, Vertical Outputs and related products. 
Must take charge of designing, sampling and keep in touch with Television 
and Radio Manufacturers and work with them on possible problems, 

Must also be able to design test equipment related to the products and 
direct construction. 

Good opportunities for qualified Engineer. Write giving details about your 
past experience and qualifications. All communications will be held strictly 
confidential. Call Joe Grunby collect for possible appointment for an interview. 


APEX COIL AND TRANSFORMER CORPORATION 
1919 South Fairfield Avenue 
Tel.: Lafayette 3-4286 
Chicago 8, Illinois 


TELE-TECH 


CLOSING DATES 


25th of second month preceding date of issue, for all ads requiring 
proofs, composition, foundry work, key changes, etc. 


Ist of preceding month for complete plates only—no setting. 
20th of preceding month—Publication Date. 


Cancellations not accepted after Ist of preceding month. 


Caldwell-Clements, Inc., 420 uexincton AVENUE, NEW YORK 17 


weight of the diode permits its 
mounting by soldering the pigtails 
directly to the coil leads. 

Each complete Master Control 
System required more than 800 in- 
dicator lamps. In addition it. was 
necessary that the “Preset” lamp 
and the “On-Air” lamp located on 
each studio console would indicate 
from any of eight switch circuits in 
Master Control. Due to the number 
of circuits involved in such an indi- 
cator system, it was felt that efforts 
to simplify the necessary wiring 
were in order. Therefore, it was de- 
cided that polarized circuits would 
be a step in the right direction. 
With this in mind, GE again turned 
to the germanium diode as a solu- 
tion to a problem. 


Series Feedback Loops 


In a circuit where several single 
indicators must be connected to a 
common indicator circuit, adequate 
steps must be taken to eliminate 
series feedback loops which could 
give false indications. This necessi- 
tates additional switch contacts and 
wiring. By applying diodes to this 
problem, it is possible to polarize the 
lamp circuits and eliminate chances 
of series loops. 

In the design of this switching 
system, the use of diodes in the 
lamp circuits eliminates a form “A” 
contact combination on each posi- 
tion of the Mossman switches. It 
also cut the required circuit wiring 
by about 20% which resulted in 
quite a saving. This application is 
shown in Fig. 8. 

Type 24X switchboard lamps were 


used throughout the system for in- 


dicator purposes. The current re- 
quirements of this lamp at 24 volts, 
runs from 32 to 38 ma. The 1N4% 
diode will handle up to 50 ma so it 
was chosen for this application. 

The Components Lab. ran some 
tests on this application. Four 24X 
lamps, each connected in series with 
a 1N48 diode, were connected across 
an interrupted 24-volt source. At 
the end of 500,000 interruptions, 
none of the lamps or diodes had 
failed. In this type of circuit, it was 
found that a slight reduction in bril- 
liancy in the indicator lamps was 
noted. This has not proven objec- 
tionable. We believe that the lamp 
life will be extended in a circuit of 
this type due to the effect of diode 
resistance on the starting current of 
the lamps. 

An overall system test of the 
equipment before shipping was con 
sidered impractical due to produc- 
tion schedules of the different racks 
which composed a complete system. 
However, each rack when coMm- 
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eted, underwent a complete op- 
erational test before being shipped. 

The complete overall system test 
was, therefore, made after the in- 
stallations were complete, and was 
entirely successful. The three op- 
erating groups of ABC Radio have 
experienced mirfimum maintenance 
after the initial weeks of shakedown. 


The authors wish to acknowledge the aid 
and cooperation of Mr. John Bourcier, ABC 
New York Engineering Operations Super- 
visor 


Coming Events 


July 10-12—6th-Annual National Con- 
-yention of the ARRL Shamrock Ho- 
tel, Houston, Texas. 

Aug. 1-5—National Audio-Visual Trade 
Show, Hotel Sherman, Chicago, III. 
Aug. 17-18—Symposium on Statistical 
Methods in Communication Engi- 

neering, Berkeley, Calif. 

Aug. 19-21—Western Electronic Show 
and Convention, San Francisco Mu- 
nicipal Auditorium, San Francisco. 

Aug. 25-28—APCO, 19th Annual Con- 
ference, Sheraton-Cadillac, Detroit, 
Mich. 

Aug. 29-Sept. 6—West German Radio 
and TV_ Exhibition, Dusseldorf, 
Germany. 

Sept. 1-3—International Sight and 
Sound Exposition, Palmer House, 
Chicago, II. 

Sept. 1-12—British 20th National Radio 
& Television Exhibition, Earlscourt, 
London, England. 

Sept. 9-12—NEMA, Haddon Hall Hotel, 
Atlantic City, N.J. 

Sept. 13-16—AICE (Quarterly Meeting) 
Fairmount and Mark Hopkins Hotels, 
San Francisco, Calif. 

Sept. 21-25—ISA 8th National Instru- 
ment Exhibit, Sherman Hotel, Chi- 
cago, Ill. 

Sept. 28-30—9th Annual National Elec- 
tronic Conference, Hotel Sherman, 
Chicago, Ill. 

Sept. 30-Oct. 1—Aircraft Electric Equip- 
ment Conference, AIEE, New Wash- 
ington Hotel, Seattle, Wash. 

Oct. 5-S—7th Convention of the SMPTE, 
Hotel Statler, New York, N.Y. 

Oct. 6-8—Fractional Horsepower Mo- 
sa Conference, AIEE, Fort Wayne, 

Oct. 14-16—Machine Tool Conference, 
— Hotel Cleveland, Cleveland, 
0 


Oct. 14-16—Recorder-Controller Sec- 
tion, SAMA, Mid-year Meeting, Sea- 
view Country Club, Absecon, N.J. 

Oct, 14-17~Audio Fair, Hotel New 
Yorker, New York, N.Y. 

Oct. 19-21—RTCM Fall Assembly Meet- 
ing, Edgewater Beach Hotel, Chicago. 

Oct, 30-31 — Semi-Annual Meeting, 
ASTE, Dayton Biltmore, Dayton, Ohio. 

AICE: Amer. Inst, of Chemical Engineers 


: Amer. Inst. of Electrical Engineers 
APCO: Assoc. Police pF anne Ee Officers 


ARRL: American Radio Relay League 
ASTE: American Society of oul, ngineste 
ISA: Istrument Society of America 
NEMA: Nat'l Electrical Mfrs. Assoc. 
RICM: Radio Technical Commission for Ma- 


ie ces 
SAMA: Scientific Apparatus Makers Assoc. 
SMPTE: Soc. of Motion Picture and TV 
Engineers 


Produced compares in 
iency. Once installed, 
otten, The Cobreflex-2 
performance guaran- 


Proven Superior! 


Model PA-30 Driver Unit 
Model SA-HF Driver Unit Model MA-25 Driver Unit | Cont. Power: 30 Watts 
Cont, Power: 25 Watts Cont. Power: 25 Watts Response: 80-10,000 CPS Response: 90-10,000 CPS 

20 Watts over 250 CPS] Response: 90-10,000 CPS | Response: 90-6000 CPS Impedarice: "16/165/250/500] impedance: 16/45/165/250 

| Sf Response: 250-15,000 CPS] impedances 14 Ohms impedence: 16 Ohms 1000/2000 ohms 500/1000/2000 ohms 

4 Impedonce: 8 Ohms Power Tops (70V): 

* 30/20/10/5/2 5 Wotts 


Model $A-30 Driver Unit 


Se 9] Model 1-30 Driver: Unit Cont, Power: 30 Watts 


} Cont. Power: 


Power Tops (70V): 
30/20/10/5/2 5 Watts 


” 


- UNIVERSITY LOUDSPEAKERS © INC, 0 SOUTH KENSICO AVENUE, WHITE PLAINS, N, Y¥, 
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meeting : 
Military and Manufacturing 
Needs with DEFLECTION YOKES 


and 
ELECTRONIC 
COMPONENTS 


PRIME and SUB-CONTRACTORS are 
invited . . . to send specifications 
for quotation, or for information on 
our facilities. 


Our new, enlarged plant enables 
us to add customers who need 
deflection yokes or other elec- 
tronic components for military and 
manufacturing operations. 


We invite your inquiries. 


TbRad My. Con Ine 


RADIO and TELEVISION COMPONENTS 
7 Madison Street, Fennimore, Wisconsin 
PHONES: Office 270 — Purchasing Dept. 271 


«| 


Design for RELIABILITY in SERVICE with Alden 
Components for PLUG-IN UNIT CONSTRUCTION 


New free Alden Handbook simplifies plug-in unite 
design. resents complete line of basic components 
Comengons flexib ly or adapting your equip- 

fA 


ment to plug-in construction, 


] Unitize your cireuliry in compact vertical planes 
e using Alden Terminal Card Mounting System. 


(it cell +00 OLS ©. = if | a 
meanoweets Mande AERA ato. BP 


You ean usp Aiden Terminal Mounting Card with Alden Miniature Terminals, Jumper Strip and 
a 


ol. sas late unteus Alden’ Terminals, are yn pe unis ready oe 
Mount this compact vertical circultry in neat 
e accessible ALDEN PLUG-IN PACKAGE OR CHASSIS 
Ane, a 4 sizes: . 1 |: . | tee 
4 SIZES: ALDEN i © Pee Soo op 
BASIC CHASSIS 
& 20:PIN ” 4 8” 17" 
ponents provide manderd plug-in of slide-in housings—with spares, your circuits become 
ey replaceable in 30 see 
3 Use ALDEN BACK commevens and SERVE-A-UNIT LOCK 
efor 100%, circuit accessibility and 30-second chassis removal, 
tials a on —_ 
leads color coded and numbered 


Assign to each unit tiny tell-tale ALDEN SENSING 
e ELEMENTS — to spot trouble instantly: 


MINIATURE 
INDICATING 
FUSE HOLDER 


} MINIATURE 
MUSIATCe i INDICATING 
LIGHT 


MICROWAVE 
SIGNAL SOURCES 


Model: 

SSR ces, 6B0— 1300 me 

SSh os, 1000 — 2300 me 

SSS occ 2000 — +4600 me 

RI elisa, cxcssedkscinn 4300 —— 8300 mc 
ccutuscversvees 2900 — 10750 me 


Features: 
Single dial tuning to 1% accuracy — direct 
reading dia 
High power output 
Provisions for external modulation 
Large frequency coverage 


Uses: 
Source of High Microwave Power over wide 
frequency ranges 
Testing microwave components, waveguides, 
VSWR, ete. 
Antenna measurements 


Vrite for, Complete Catalog 


LARAD ‘ELECTRONICS CORP. 
Be ae Metropolitan Avenue, Brooklyn 11, WN. Y. 
_ Export Dept: 13 e. 40th Street, New, Mad bea fay 


Color TV 


(Continued from page 56) 

cost of these tubes and necessary 
circuitry and it becomes evident 
that a color receiver will have to 
be priced at $800 or more. There {s 
no doubt that they will be expensive, 

I am presuming in this projection 
that the color picture size will be 
equivalent to the 21” black and 
white picture. Most demonstrations 
to date have shown smaller size pic- 
tures. This problem still lies ahead 
of the tube industry, but must be 
resolved if color is to compete suc- 
cessfully with black and white, 

Looking forward to picture sizes 
for color television, it jis obvious 
that sizes must be equal to black and 
white, probably starting with a 21-in. 
picture and later including 24 and 
27-in. pictures, if and when these 
sizes are available in monochrome 
receivers. 


Target Dates for Color-TV 


It now appears possible that the 
NTSC can concludeits technical 
work by September. We might then 
allow 45 to 60 days for the complete 
organization of all data to be pre- 
sented to the FCC. 

If such a schedule is met we can 
assume that the NTSC would peti- 
tion the FCC for a hearing in Oc- 
tober or early November. This could 
mean that the hearing could be 
scheduled early in 1954 and the 


Chromatic's Lawrence tube, now in pilot pro- 
duction, is 22 in. in diameter, 21.5 in. long, 
and has rectangular color sereen 11 by 15 In. 


NTSC system could be approved by 
March 1, 1954. 

If this should happen, I think I can 
safely predict that some color pro- 
grams would be available in key city 
markets shortly thereafter and that 
color programs, put on the networks 
might actually be available in many 
local markets certainly by the mid- 
dle of 1954. 

-Also, by March 1, 1954, the color 
tube output could possiby attain @ 
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monthly rate of 2,000 to 4,000 tubes. 
Assuming that this is accomplished, 
it may be anticipated that a model 
or two of color receivers will be in- 
eluded in the Fall line of many man- 
ufacturers. Available quantities will 
be limited, but there should be 
enough receivers available to permit 
the public generally to see color 
television in comparison to black 
and white in the Fall of 1954. 


Conclusions 


I mentioned previously that I was 
convinced that this would be a good 
thing for the industry. This is an 
important point of my talk, so let me 
set forth my reasoning and conclu- 
sions in orderly fashion: 

1) I believe that color television 
will come as an evolution and not a 
revolution. 

2) Color will prove to be a sup- 
plementary service and will not 
quickly, or perhaps ever, completely 
replace the monochrome service. 

3) I am confident that the stand- 
ard black and white receiver will 
continue to be the back-bone of 
television sales for at least five years 
into the future. 

4) But, there will be a_ very 
critical period in sales while the pub- 
lic appraises the value of color 
against black and white—becomes 
educated to the true facts of the ac- 

, tual advantages of color television— 
the programs that will be available— 
just how much color adds to the pro- 
grams and what they would have to 

pay over and above the cost of a 

good black and white receiver. 

The quicker we can give the public 
the opportunity to make this side by 
side comparison and appraisal, the 
shorter will be the period of inde- 
cision and hesitancy to buy a black 
and white receiver. 

5) If dealers in all areas are in a 
position to demonstrate color side by 
side with monochrome and actually 
show by direct comparison what each 
Service offers, I am sure that a very 
high percentage of such prospects 
would reach the conclusion that a 

ck and white receiver at its lower 
cost still represents a good sound in- 
vestment for the future. This would | 
be particularly true if it is shown 
that such a receiver will, without ad- 
justment or additional cost, receive 
the color signal in black and white— | 
complete compatibility. 

Such a conclusion might be still 
more obvious by a price comparison, 
let us say, between well-performing 
21-in. monochrome receivers in the 
Price bracket between $250 and $450, 

_ 88 against 17 in. color picture receiv- 
ers, listing between $750 and $900. 


NOW! CUT COSTS! INCREASE PROFITS! 
Save on POTS - TUBES « RESISTORS 


(Continued on page 120) 
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esisco Corporation 
SERVING THE WORLD OF FLECTRONICS | 


366 Broadway, N.Y.C. 13. RE 2-0284 


LOWEST PRICES 
IMMEDIATE DELIVERY 


Write for FREE 
color code sheet 


\ TREMENDOUS STOCK 


leading manufacturers use 


JFD PISTON TYPE VARIABLE TRIMMER CAPACITORS 


in both civil and military equipment 


= 


e “Q” 
@ Dielectric strength equals 1000 volts DC 


JFD MFG. CO. 


BROOKLYN 4, N.Y. 
BENSONHURST 6-9200 


world’s largest manufacturer 
of tv antennas & accessories 


NO OTHER LIKE IT! 
@ Spring loaded piston made of special 


invar alloy having extremely low tem- 
perature coefficient of expansion. 


@ Silver band fused to exterior of precision 


drawn quartz or glass tube serves as 
stationary electrode. 


@ Piston dimensional accuracy is held to 


close tolerance maintaining minimum air 
gap between piston and cylinder wall. 


@ Approximately zero temperature coeffi- 


cient for quartz and + 50 P.P.M. per 
degree C. for glass units. 
rating of over 1000 at 1 mc. 


at sea level pressure and 500 volts at 3.4 
inches of mercury. 


@ 10,000 megohms insulation resistance 


minimum. 


@ Operating temperatures, —55 C. to +125 


C. with glass dielectric. And —55 C. to 
+200 C. with quartz dielectric. 


@ Over 100 megohms moisture resistance 


after 24 hours exposure to 95% humid- 
ity at room temperature. 
Write for Form No. 199 


83-5378 


119 


CEN-TRI-CORE 


“ENERGIZED” 


ROSIN-FILLED 


SOLDER 


ROSIN 


Now Available 


For 


PRINTED CIRCUIT 
SOLDERING 


This solder provides improved 
electrical conductivity, with melt- 
ing point below the tin-lead 
eutectic, 

Special alloys for all types of 
PRINTED CIRCUITS. 

Solder also available in bar 
form for dipping, with Alpha’s 
PRINTED CIRCUIT FLUXES. 

Approved by leading manufac- 
turers of PRINTED CIRCUITS. 


for further information BY 
? 


write... 


ALPHA METALS, INC. 


Ltn 


Specialists IN SOLDER 
For Over Fifty Years 


6) Therefore, actual demonstra- 
tion of the relative value and price 
of monochrome versus color, would 
give the dealer a definitely better 
chance to sell monochrome, than if 
he attempted to compete with rumor, 
misunderstanding and public imag- 
ination, which would tend to run to- 
ward the anticipation of perfection; 
a general idea that the difference in 
price would soon be negligible and 
that it might be smart to withhold 
purchase of a monochrome set and 
wait for color. 


Acceptance of Color 


After this initial period and the 
rapidity with which color will be 
accepted by the public will depend 
on two major factors: 

1) The matter of programs.—After 
all, the “show is the thing.” People 
buy good entertainment. Color alone 
cannot make a good program out of 
a poor one. This has been proven in 
the motion picture industry. It ‘has 
been 31 years since full color movies 
have been available, yet today mono- 
chrome movies are still the back- 
bone of the business. Many black and 
white pictures continue to be the box 
office hits, while many “color” films 
are among the “flops.” 

Likewise, I believe that black and 
white programs will prove to be the 
“bread and butter” of the television 
industry for many years to come. 

There is a serious matter of eco- 
nomics involved. The cost of pro- 
gramming has already reached stag- 
gering proportions that represent a 
real economic problem to television 
as an advertising medium. Color will 
add to these costs—of this, there can 
be little doubt. How many advertis- 
ers will consider that color will add 


enough “sell” to their programs to |’ 


justify these extra costs? 

Color will add little to the enter- 
tainment value of most of the highly 
popular shows on television today— 
the situation comedies; the prize 
fights and wrestling matches; the 
newscasts and most of the popular 
plays. True, some programs, like the 
variety shows, will be greatly en- 
hanced, but will the public pay a 
big premium in the price of the re- 
ceiver for this advantage, particu- 
larly, when he can get all such pro- 
grams in excellent black and white 
on his present set? 

2) Another factor also is undeni- 
able—that the cost of the complete 
color receiver will always be higher 
than a standard monochrome set. It 
will always require, not only a more 
expensive picture tube, but also 
more receiving tubes and circuitry. 
I have heard optimistic indications 
that this difference in price may be 


Proven thru the daily operation of thou 
~ sands of COMCO’ transmitters and receivers | 
Baca service, pode MI god 


pa LINE OF 
TWO-WAY RADIO EQUIPMENT 
mobile and base erations f 
ontrol ae 


PIPELINE TO 
PRECISION 


Model WWVR 


Designed specifically to conveniently 
receive and make maximum use of 
all the Standard Frequency Trans- 
of WWV without any 
special setup. 


missions 


Send for complete specifications 


SPECIFIC | PRODUCTS 
5864 HOLLYWOOD BOULEVARD 
HOLLYWOOD, CALIFORNIA 
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as low as 25%. I am inclined to be- 
lieve that it may be nearer 50%. In 
any event, even 25% will prove an 
jmportant economic factor in the 
mass markets, which leads me to 
predict that good standard black 
and white receivers will represent a 
comparative value that will attract 
the major portion of the market for 
many years to come, perhaps, for all 
time. 

These are the two main reasons 
that convince me that color televi- 
sion will not be revolutionary but, 
rather, go through an evolutionary 


in pilot production 


Tricolor kinescope tubes 
ore checked at RCA plant in Lancaster, Penna. 


process until it finds its proper level 
as a supplementary service. 

During 1955, the number of hours 
of color programs will gradually 
increase. At the same time, perhaps 
by the Fall of 1955, the price of color 
receivers will come down somewhat 
in price as the volume of production 
increases. We will then be entering 
the real period of evolution, with 
color gradually bettering its service 
and lowering its cost to the con- 
sumer. The ratio of color sales to 
black and white will increase, but I 
predict that standard sets will still 
outsell color receivers four to one 
in 1955. 

By that time the industry will be 
oriented into a pattern where they 
will be offering the public both types 
of receivers as a matter of course, 
and the public will be making their 
individual choice purely on the basis 
of what each service offers to them 
at the price they have to pay. And, 
Tam convinced that under such cir- 
cumstances and realistic comparison, 
a high percentage of purchasers will 
continue to favor the standard 
black and white receiver. Plain eco- 
Nomics will dictate this choice for 
Millions of families, particularly 
When they know that such a re- 
etiver will bring them all the pro- 
§fams on the air in excellent black 
and white. 
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VACUUM TUBE 
VOLTMETER KIT 


$24°° 


IMPEDANCE 
BRIDGE KIT 


iT 


Heathkits are completely engineered in- 
struments supplied unassembled. Every 
kit goes together smoothly and easily 
All drilling, punching, and painting has 
already been done for you. All parts are 
furnished and are of highest quality 


Detailed construction manual shows 
clearly where each wire and part goes 
and tells exactly how to build the kic. 
Write for free catalog, 


TUBE CHECKE 
tS 


onto DIP METER” 


Se oe eee 
. 


BATTERY - 
ELIMINATOR 
KIT” 


s24%0 


HEATH COMPANY 


BENTON HARBOR 24 


MICHIGAN _ 


EXPORT 


ROCKE INTERNATIONAL CORP. 


Bn. 
‘ie 


Ly 
oe 


ie i a te 
5 


lg lo oy, 


i 


me 


} 
x 
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P.O. BOX 1205 


ELECTRICAL TOWER SERVICE, 


Complete, Competent 


AND ANTENNA 
ERECTION SERVICE 


HERE’S WHY YOU SHOULD CALL 


E.T.S.| 


%& EXPERIENCE—ETS has years of experience in the tower 
erection field. Their record includes the erection and 
installation of all type AM, FM, TV, micro-wave, 


and communication tower: 
the United States .. . 


of all kinds . 
large jobs and small jobs 


. . through 


. . . all handied with skill and satisfaction. 

%& EQUIPMENT—ETS has a complete line of equipment 
to handle your job, manned by skilled workmen 
with proper engineer supervision. This assures you 
satisfaction, speed, and highest quality workman- 


ship. 
*% DEPCNDABILITY—ETS has an enviable 


record of de- 


pendability. The ability to handle every detail of a 
job from planning to final completion including an- 


tenna mounting and coaxial cable 


installation is 


extremely desirable from your standpoint. 
For your tower erection needs call on ETS. Phone 
us direct or have your contractor or supply house 


contact us. 


Free brochure sent on request. 


Tower installation illustrated here is station WSAU, Wausau, Wisconsin 


PHONE: 


PEORIA, ILL. _— 


—anywhere. 


PEORIA 3-9846 


INC. 


Installation and erection of all type towers—No finer service available 


EXTENSIVELY USED IN 


SELSYNS 
ROTATING THERMOCOUPLE and 
STRAIN-GAGE CIRCUITS 
ROTATING JOINTS 
GUN-FIRE CONTROLS 
DYNAMOTORS etc. 


Wide range of grades available for standard 
and special! applications. 

Brush holders and coin silver slip rings avail- 
able for use with Silver Graphalloy Brushes. 


OTHER GRAPHALLOY PRODUCTS: 


Oil-free self-lubricating 
Bushings and Bearings, Oil- 
free Piston Rings, Seal Rings, 
Thrust and Friction Washers, 
Pump Vanes. 


Write ws fer Data Sheets and further information. 


1002 NEPPERHAN AVENUE * YONKERS, NEW YORK 
[_] Ptease send dota on Graphalley BRUSHES end CONTACTS. 
[L] send date on susHines. 


WAME AND TITLE 

COMPANY 

STREET 

city Ses; BURTE 


peloaedeescsscooece 
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After 24% years of tests in cooperation 
with WOR-TV, Skiatron’s Subscriber- 
Vision has been placed on public dis- 
play in New York City. Evaluation of 
technical and market information is in 
process, and a petition for FCC approval 
is expected this fall. 

At a preview showing on June 8, 
Skiatron President Arthur Levey dem- 
onstrated how the system operated. 
Live and film signals were picked up, 
scrambled by a special coder at WOR’s 
experimental KE2XKC, and transmitted 
over the air. Those TV sets receiving 
the broadcast without a special decoder 
produced a negative picture with 
double-image horizontal jitter and 
scrambled sound. Receivers with de- 
coders displayed usual pictures by hav- 
ing a printed circuit punched card in- 
serted into the decoder. For security, a 
multiplicity of combinations in the cir- 
cuit allows only the properly designated 
program to be received undisturbed. 
For standard broadcasts, the decoder 
does not affect normal operation. 

Initial plans for this pay-as-you-see 
TV system envision signing up 100,000 
subscribers in the New York area. Each 
will receive a new card in the mail 


First Public Showing Of ‘‘Subscriber -Vision” 


Subscriber-Vision 


Skiatron 
easily to TV set. Program punched card with 
_printed circuit at bottom is shown inserted 


decoder attaches 


every week. Charges will be made only 
for those programs seen, with a mini- 
mum charge of about $2.50 per week. 
Billing will be handled by Western 
Union. Subscriber-Vision will supple- 
ment regular programs by buying time 
on existing stations to bring non-com- 
mercial sponsored plays, sports events, 
current movies and other features not 
otherwise available to viewers—all con- 
tingent on FCC approval. 


Pick-up for Subscriber-Vision employs standard TV and film cameras, whose outputs are scrambled 
in a special coder and then radiated by a standard station on a regular channel. Non-subscriber 
receives scrambled picture and sound. $-V subscriber uses decoder to receive clear program 


GRAPHITE METALLIZING CORPORATION 


Leccacvceccccccceces 
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{Send for these New 
| WHEELER Data Files 


yy, 


MAGNET WIRE 


2 We produce our own magnet wire of the 
highest quality . . . specializing in sizes 
from 22 AWG to 50, insulated with enamel, 

, formvar, dipsol (liquid nylon), cotton, silk, 

t glass, or any combination of the above 


insulations. Our automatic machinery com- 
bines high capacity with precision control 
at every step. 


SPECIAL COILS AND WINDINGS 


| eas. 


We wind coils in one of the best-equipped 
departments of its kind, furnishing either 
windings for your assemblies or com- 
pleted and tested coil components for a 
wide range of electrical and electronic 
units, including precision transformers as 
described below. 


PRECISION TRANSFORMERS 


Ge 


Efficient production of audio and special 
Purpose transformers, including MIL-T 
type transformers and reactors using 
nickel alloy, Hypersil or standard core 
materials—hermetically sealed, varnished, 
or Fosterite* type. If you are looking for 
help in meeting an exacting specification, 
Wheeler is a good company with which 
to do business. 

*QWestinghouse Elec. Mfg. Co. 


SOUND POWERED 
Electric 
TELEPHONES 


and HANDSETS 


Wheeler Standard and High 
Level handsets and inter-com- 
munication units are increas- 
ingly used as components of 
specialized systems in military 
and civilian services. We in- 
vite correspondence with inter- 
com engineers and original 
equipment manufacturers. 


THE 


= WHEELER 


INSULATED WIRE CO., INC. 


Division of The Sperry Corporation 
1107 EAST AURORA STREET 


WATERBURY 20, CONNECTICUT 
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Magnetic Amplifiers 
(Continued from page 34) 


ner frequency remaining at 30 cps. 

With the upper limit transfer 
function, the maximum stable loop 
gain would be about 200, increasing 
to 1200 for a lower limit transfer 
function. These figures are not ac- 
ceptable since the integration error 
permissible is less than one part per 
thousand. 


Transfer Function 


Fig. 4 graphically represents the 
transfer function of the shaping net- 
work, the cascaded shaping network 
and upper limit motor and magnetic 
amplifier and the cascaded shaping 
network and lower limit motor and 
magnetic amplifier. Allowing for an 
uncontrolled variation of 6 to 1 in 
amplifier gain, the minimum loop 
gain expected is approximately 
1000. 

The foregoing description has in- 
tentionally emphasized the servo de- 
sign problems associated with the 
use of magnetic amplifiers, as a 
warning against overoptimistic and 
indiscriminate specification of mag- 
netic amplifiers for this type of ap- 
plication. However, it seems advis- 
able to point out that an equally 
detailed analysis of any type of am- 
plifier, meeting equivalent perform- 
ance specifications, would probably 
disclose design problems of the same 
order of complexity. 


Primary Objective 


The primary objective has been to 
demonstrate the possibility of using 
magnetic amplifiers in some types of 
high performance servo-mechan- 
isms. The acknowledged magnetic 
amplifier advantages in ruggedness 
and reliability may accordingly be 
obtained without sacrifice of per- 
formance. Recent magnetic amplifier 
techniques were not utilized in this 
application because of some doubt as 
to their present practicality. Specifi- 
cally, this equipment is required to 
withstand ambient temperatures up 
to 85° C. It is our impression that 
no dry-dise type rectifier can be ex- 
pected to have a reliable life much 
in excess of that of a vacuum tube 
at these temperatures. Accordingly 
the self-saturating type of magnetic 
amplifier, with its associated load 
circuit rectifiers, cannot be applied 
to such systems without loss of the 
reliability, which is one of the chief 
advantages of magnetic amplifiers. 

The possibility of using higher- 
permeability core materials for these 
applications was explored tenta- 
tively. Their apparent minor ad- 

(Continued on page 125) 
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there’s a 


BIRTCHER CLAMP 


for clmosf” 


= 
every purpose! 


NEW SUB-MINIATURE TUBE CLAMPS 


The Birtcher KOOL KLAMPS were 
developed for use under conditions 
of extreme heat and severe vibra- 
tion and shock. Made from a heat 
treatable silver alloy of high thermal 
conductivity, reducing bulb tem- 
peratures by as much as 40° C, KOOL 
KLAMPS are improving the relia- 
bility of miniaturized electronic 
equipment. 


The Birtcher Corporation, world's largest pro- 
ducer of electro-surgical devices, maintains a 
separate division for the manufacture and sale~ ° 
of tube and component clamps. 


The BIRTCHER CORPORATION 


4371 Valley Blvd 


Los Angeles 32, California 


Please send catalog and 
samples by return mail. 


Company — 


Attention of: 
Address. 


State. 


City. 


Vacuum Processed 
Bradley Rectifiers 


a PLUS in your circuit 
but not in your cost 


SELENIUM available today is remarkably free of 
unwanted impurities. Bradley controls it still further 
through an exclusive vacuum process, This labora- 
tory control method, applied at Bradley on a 
production line basis, is further assurance of uniform 
quality and more stable rectifier performance, You 
pay no more for this extra quality — frequently, less, 


Plates for Bradley rectifiers 
~—— from miniature types to 
large power stacks — have 
selenium applied under 
vacuum, Vacuum processing 
removes undesirable impu- 
rities and permits closely 
controlled modification of 
selenium with desired “impu- 
rities”. 


Vacuum processing also pre- 
vents entry of atmospheric 
impurities during the crystal: 
lization of selenium on the 
plate — a most critical 
period. Better crystallization 
results and this, in turn, 
means a better rectifier. 


Rectifier stability, longevity and uniformity are the sum of 
many things. One determining factor is the quality of the 
selenium crystalline structure. 

Bradley, through its unique vacuum process, uses the 
most advanced safeguards to assure excellent crystalline 
structure. Vacuum processing is coupled at Bradley with 


engineer inspection at all points of production. This labora- 
tory control saves time and materials, which are translated 
into low unit cost to you. For a plus in your circuit but not 
in your cost, specify Bradley rectifiers. 

or further information or consultation, write or phone 
our sales engineering department. Special problems are 
welcomed. 


SELENWUM AND COPPER OXIDE RECTIFIERS © SELF-GENERATING PHOTOELECTRIC CELLS 
Vacuum Processed For Performance as Rated 


THE COMPLETE SELENIUM RECTIFIER LINE . . . FROM MICROAMPERES TQ THOUSANDS OF AMPERES 


BRADLEY LABORATORIES, INC., 170A Columbus Avenue, New Haven 11, Conn. 


PLASTIC 
MOLDING 


TED 


and Price of thelr 


CORPORATION 
327 Rider Avenue, New York 51, N.Y. * C¥press 2-0050-1 
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} COIL FORM 
‘BOBBINS 


45 70 20% STRONGER 


GREATER (NSUL ATION 


BETTER HEAT DISsiPATION 


INCREASED 
MOISTURE RESISTANCE 


PRECISION Coil Bobbins are constructed with utmost care and 
are finished to your exact specifications. Only the finest mate 
are used, 

Cores furnished in an infinite variety of sizes and _shapes’— 
kraft, fish paper, acetate combinations and phenol impreg 
nated. Flanges cut to specification—plain or fitted with leads, 
slots or holes; embossed or recessed. 

Send in specifications for sample and request catalog and Arbor 
List of over 1500 sizes. 


2057 W. Charleston St. Chicago 47, th 
Plant No. 2, 79 Chapel St., Hartford, Conn. 
Also Mfrs. of Precision Paper Tubes 
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152 CONT ST., IRVINGTON 11, N.1 
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vantages in efficiency and band 
width did not seem to justify the 
additional cost and manufacturing 
problems which they would entail. 
It is our impression that these core 
materials would be justifiable only 
in the self-saturating type of mag- 
netic amplifier. 

Obviously the combination of 
high-permeability core materials 
and the self-saturating circuit will 
greatly reduce the difficulty of the 
stability problems in magnetic 
servo-amplifiers. It is to be hoped 
that such applications will become 


practical in the near future. 

This paper was presented at the 1953 IRE 
National Convention held in New York City, 
March 23-26, 1953. 


Camera Tube 
(Continued from page 57) 


rant mention. The sensitivity of the 
tube is increased many fold and the 
photo-cathode dimensions are re- 
duced, This permits the use of in- 
expensive (standard 16MM) lenses 
and enables the tube to operate 
with excellent signal-to-noise ratio 
in studio application with the inci- 
dent light levels now used in televi- 
sion studios. It is possible with the 
use of an image focus coil of special 
design, to “enlarge” the charge image 
on the mosaic by a ratio of approx- 
imately 3 to 1 by means of a remotely 
operated, continuously variable re- 
sistance network. The image re- 
mains in focus at all times and the 
video output signal remains con- 
stant. The effect is to “dolly in” or 
“zoom” toward the subject without 
moving the camera or employing an 
expensive and heavy optical lens 
system. This principle permits the 
camera control operator to change 
the apparent subject to camera dis- 
tance by means of a simple control. 

Even with the addition of the 
image section, the tube is consider- 
ably smaller than other tubes used 
in television broadcasting. (See Fig. 
2) The overall length measures 
slightly more than nine inches. The 
tube operates within wide tempera- 
ture limits and eliminates the need 
for blowers and heaters to control 
the ambient temperature. The mod- 
erate tube size, small, lenses, and 
the lack of a need for heaters permit 
a smaller camera head design. 

The multicon is the heart of the 
new camera in the general purpose 
TV camera chain developed by 
Standard Electronics Corp., 285-289 
Emmett Street, Newark, NJ. to 
meet the need for a simple, inexpen- 
sive pickup system. The new cam- 
era, reportedly, can be used with 
equal effectiveness on motion pic- 
ture film, live talent and on still 
slides or opaques. 


TYPE 8514-B 
MIXING 
CONTROL 


y Finger-Tip Control 

Y Straight-Line Action 

Y 5%” Control Travel 

Y Full 45 db control 

Y Maximum attenuation 100 db 
Y Smoothest Operation 

Y Slide-wire construction 

Y Ladder Circuit 

Y 600 ohm Impedance 

¥ 1%”"x7" x6” Dimensions 


Y Plug-in Construction 


Write today for 
Bulletin C-1025 


CINEMA ENGINEERING CO. 


1510 W. VERDUGO + BURBANK, CALIF. 


IN NEW ENGLAND & UPPER N. Y., 
Samuel C. Hooker Co. 


METROPOLITAN N. Y., Audio-Video Products 
PHILADELPHIA, W. Henry Cordray 
CLEVELAND, Edwards-Lohse Associates 
MINNEAPOLIS, A. J. Warner Co. 

SEATTLE, Jas. J. Backer Co. 

DENVER, Dick Hyde Co. 

N. CALIF., David Ross Co. 


OTTAWA, CANADA, Samuel C. Hooker, Ltd. 
EXPORT, Frazar & Hansen 


standard spacing of mounting bracket holes 
enables you to meet new control specifications 
without changes in frame drawings using... 


GUARDIAN 


APPROVED 


Gutorwhangeable 


AIRCRAFT 


RELAYS 


s\exibilicy 
‘Seagal 


AIRCRAFT DESIGN ENGINEERS can allow for continuously 
changing power and performance requirements through the 
complete interchangeability (on the same mounting base) 
of this new line of Guardian Aircraft Relays. Standard 
spacing of mounting bracket holes provides extreme flexi- 
bility. It’s the way to meet new control specifications 
without changes in frame drawings! Units range from 
single pole, single throw (time delay available) to four 
pole, double throw contact combinations, with ratings from 
10 amperes to 50 amperes at 28 v., D.C. All sealed in 


200 Ampere 
accordance with MIL-R-6106. Weights: from 7.5 ounces Slncid Contactor 
to 20.8 ounces. Write for Bulletin 1 AR. 

NOTE THE PRECISE ALIGNMENT OF MOUNTING HOLES! 


10 Amp 
4 PDT. 


2S hemp 10 Amp 


$.P.D.T. 


3 P.O.T. S.P.0.T. 2 PD.T. 3 P.o.T. S.P.D.T. 3 P.D.T. 2 P.0.1, 


Specity from Guerdian's complete range for every ad ge of quick i 


GUARDIAN \GJELECTRIC 


1607-H W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LIME OF RELAYS SERVING AMERICAN INGUSTRE 
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No Chance Of Wiring Errors! 


Print your product’s electrical circuit on SYNTHANE copper- 
clad laminated plastic and you eliminate expensive wiring 
and wiring errors. Fast and relatively inexpensive, this 
process permits quick changes in circuits without retraining 
assembly workers. Easily punched, sawed, and drilled, 
copper-clad SYNTHANE also combines these properties: high 
strength, light weight, low inertia, corrosion-and-heat 
resistance, and high insulation. To learn more about the 
role of copper-clad SYNTHANE in electronics, mail this 
coupon today. 


=| SYNTHANE CORPORATION 
Manufacturers of ] 11 River Road, Oaks, Pennsylvania 
laminated plastics =| G.nttemen: 
SHEETS | a ee 
RODS + TUBES 
MOLDED-MACERATED j 7“ 
MOLDED-LAMINATED Address 

$ 


FABRICATED PARTS 


City Zone___State. 


Broadcast Type 
EQUALIZED 
TRANSCRIPTION 
PRE-AMPLIFIER 


PROVIDES Equalization for General Electric Variable 
Reluctance Pickup. 


FEED INTO MIXER SYSTEMS. Output level of —15 VU. 

FULL “NARTB” low frequency response—low distortion. 
FOUR POSITION SWITCH to adjust high frequency response, 
CUEING CIRCUIT FOR HEADPHONES. 


G-E Transcription Accessories Also Include: 


@ FA-12-A Transcription Equalizer 
@ Al-501 Transcription Arm 
@ RPX-046 and RPX-047. Variable Reluctance Cartridges 


For information write: General Electric Company 
Section 4873,Electronics Park, Syracuse, New York 


GENERAL @@ ELECTRIC 


NEW USECO 


ENGINEERING MANUAL 


Send now for your copy 
of this new 36-page 
manual, It covers our 
complete line of 
Standardized Elec- 
tronic Hardware. 


lt gives detailed prints and specifications covering types, sizes, 
finishes and complet gi ing data on our 
terminal lugs, terminal boards, insulated lugs, chassis bushings, 
stand-offs, spacers and other electronic items in both standard 


materials, 


and miniature sizes. Contains everything required for the design 
engineer. Especially helpful to the new user. 


USECO hardware has been tried and proved in the field, and, 


£8 ake E YH 


through mass production, has been made 
tive prices. Prompt deliveries. Today's mail answered foday! 
boards fabricated to manufacturer's specifications. 
For your copy of New Engineering Manual, write 


U. S. ENGINEERING CO. 


520 Commercial St., Glendale 3, Calif. 
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where precision 
matters... 


THERMADOR 


Transformers for Television 
... Radar... Aircraft... 
Geophysics... Radio 


You will find Thermador ready, willing 
and fully qualified to handle your trans- 
former requirements. Engineering 
experience and manufacturing know- 
how, developed over a period of 35 
years, form the hard core that makes 
Thermador today’s largest West Coast 
manufacturer of electrical appliances and 
transformers. We would like to work 
with you on your next project involving 
the design and production of transform- 
ets for specific requirements...including 
joint Army-Navy specifications. 


transformers: 


Audio Auto 
Driver Filament 


Geophysical 
High-Fidelity Audio 
Input-Output Midget Plug-in 
Plate Power Television 

Tube to Line 


... also Chokes and Reactors 


THERMADOR ELECTRICAL 
MANUFACTURING CO. 


3-320 


_ 5110 District Boulevard » Los Angeles 22, Calif. 
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Ceramic Capacitors 


Radio Ceramics Corp., 109 South Superior 
St., Angola, Ind., have released an attrac- 
tive catalog which presents descriptions, 
characteristics, and performance data cover- 
ing the three general classifications of 
ceramic capacitors made by the company. 


Temperature-Limited Diodes 


An illustrated four-page folder by Ther- 
mosen, Inc., 1 West Main St., Stamford, 
Conn., contains electrical and mechanical 
specifications and basing diagrams and desig- 
nations for six temperature-limited diodes 
that are standard catalog items. 


Small Armature Winder 


A new catalog sheet describing the Model 
36-CA improved small armature winder 
made by Geo. Stevens Mfg. Co., Pulaski Rd., 
—— Chicago, 30, Ill., is now avail- 
able. 


Crystal Diode Chart 


An interchangeability chart (No. 1003) for 
germanium type diode crystals determines 
which diode can be used as a replacement 
and which as a substitute. It is issued by the 
Commercial Enginering Div. of National 
Union Radio Corp., Hatboro, Pa. 


Metallized Paper Capacitors 


Complete performance characteristics and 
test specifications on the new Astron Hy- 
Mets high-temperature metallized gt 
capacitors are contained in bulletin AB-19 
published by Astron Corp., 255 Grant Ave., 
East Newark, N. J. 


Vacuum Testing Machines 


Bulletin TE-52, released by Whittington 
Pump & Engineering Corp., 1126 Prospect 
St., Indianapolis 3, d., shows ratings of 
various machines and contains a discussion 
on vacuum testing by Lawrence E. Sterns, 
Chief Engineer. 


Pipeline Microwave Radio 


Features of the Type FR microwave radio 
and Type FJ multiplexing equipment and 
their importance to the pipe-line industry 
are discussed in a new booklet, B-5851, of- 
fered by oe Electric Corp., Box 
2099, Pittsburgh 30, Pa. 


Wireless Microphone 


Current literature released by Shure 
Brothers, Inc., 225 West Huron Street, Chi- 
cago 10, Ill., describes the company’s new 
cableless microphone, the Vagabond ‘‘88’’. 


Color and Color Difference Meter 


Bulletin No. 131, just released by Gardner 
Laboratory, Inc., Bethesda 14, Md., describes 
the color and color difference meter and 
various allied accessories, and explains their 
uses. 


Dry Disc Rectifiers 


In a folder which discusses vacuum- 
rocessed rectifiers and photocells, Bradley 

boratories, Inc., 168 Columbus Ave., New 
Haven, Conn., present a list of the more 
important uses of dry disc rectifiers. 


Photo Wiring, Forming, 
and Etching 

The Allen D. Cardwell Mite. Corp., Plain- 
ville, Conn., provide examples of printed 


forms and circui in an unusually strik- 
ing brochure titled, ‘““Design Ideas. 


Hermetic Sealing 


The ‘“‘why” and “how” of hermetic seal 
for electrical and electronic components an 
assemblies is presented and explained in a 
folder by General Hermetic Sealing Corp., 
99 . _—, Ave., Valley Stream, 
L. L, N. ¥. 


WET or DRY 


Resistance is high 


... wih LUNDEY 


miniature hermetic terminals! 


TESTS PROVE — Lundey series 
#199 miniature hermetic termi- 
nals give excellent perform- 
ance under conditions of high 
humidity. ; 
In an average test the fol- 
lowing results were tabulated: 


ra, Tew. 


90% 80°F 1,000,000 megohms 
50% 80°F 3,000,000 megohms 


Insulation Resistance 


OTHER FEATURES 

Mounting in simple drilled or punched 
holes . . . no extrusion needed. 

Effective spring loading 

Teflon external member 

Silicone or neoprene core 


Minimum mounting — 15/64” on 
centers 


Voltage rating — 500V RMS operating 
Current rating — 8 amperes 

Three electrode styles available 
Production-proved 

Meets MIL-T-27 specifications 


Hf humidity creates a problem for you, let Lundey 
terminals help you solve it. Write for Bulletin #199, 
Dept. T. 


LUNBS& fas 


694 Main Street, Waltham 54, Mass. 


Smallest 


INDUSTRY, + 
NEWS re 


Henry Albaugh has become a member 
of the sales engineering staff of Radio 
Condenser Co., Camden, N.J. Before 
this appointment he was employed in 
the engineering department of the 
Phileo Corp. 


Mal Mobley, Jr., has been appointed 
assistant business manager of WESCON 
(Western Electronic Show & Conven- 
tion, Aug. 19-21). In joining WESCON, 


“Mal : Mobley, Je. 


Mr. Mobley leaves the post of engineer- 
ing supervisor at radio station KMPC, 
Hollywood. 


Ralph R. Shields, who joined the 
commercial engineering department of 
Sylvania’s tube division as senior en- 
gineer in 1948, has been appointed to 
the newly-created post of product sales 
manager of television picture tubes. 


Louis Hausman, formerly administra- 
tive vice president of CBS Radio, has 
been appointed a director of CBS-Co- 
lumbia Inc., television and radio re- 
ceiver manufacturing subsidiary of the 
Columbia Broadcasting System. 


Walter H. Powell has been appointed 
director of industrial relations by In- 
ternational Resistance Co., Philadelphia, 
Pa. It will be his responsibility to co- 
ordinate and administer all industrial 
relations arising among the Philadel- 
phia, Downington, Pa., and Asheville, 
N.C. plants. 


Grady L. Roark has been appointed 
manager of marketing for General 
Electric’s tube dept., Schenectady, N.Y. 
He was formerly manager of equipment 
tube sales, after serving as central 
regional salesmanager in Chicago. Fol- 
lowing World War II, after various 
assignments, he became general super- 
intendent of the receiver department, 
and later, the electronics division New 
York district manager. 


Lawrence J. Cervone has been pro- 
moted to the general sales managership 
of Gates Radio Company. Since 1947, he 
was head of the New York oe 51 
East 42nd St. 
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DELIVERY 
FROM STOCK! 


RELAYS 


Our stock of more than a 
million relays — in over a 
thousand different types 
—is the world’s largest. 
Don't delay your produc- 
tion for want of large or 
small quantities of relays 
of any type. 


Telephone, wire or write 
for quotations. 


atit® CONTROL C0 


NEW AND MORE 
COMPREHENSIVE 


1953 


CATALOG 


NOW READY 


Be sure to send 
for your copy 


stetey a oon 


833 W. CHICAGO AVE. 
Dept. 6, Chicago 22, lll. 


53 ae 


AUDEN PRODUCTS CO. ........00s- 118 
Agency—Richard Thorndike Agency 

ALPHA METALS, INC, .........0005s 120 
cy—Jules Wagner Advtg. 

AMERICAN ELECTRICAL HEATER CO, .. 6 
ncy—The Allman Co. Inc, 

AMERICAN LAVA CORP. ........... 27 

Power and Condon 
AMPEX ELECTRIC CORP, ............ 79 


cy—Walther-Boland Associates 
APEX COIL & TRANSFORMER CORP. .. 116 


ARNOLD ENGINEERING CO. ......... 101 
Agency—Walker & Downing, General Agency 
AUDIO DEVICES, INC, ...........4. 87 

Agency—Rickard & Co., Inc. 
BELL TELEPHONE LABS., INC. ........ 22 


Agency—N. W. Ayer & Son Inc. 
BENDIX AVIATION CORP. 
Agency—MacManus, John & Adams, Inc, 


Eclipse-Pioneer Div. ............ 105 
Friez Instrument Div. ............ 114 
BERKELEY SCIENTIFIC DIV. BECKMAN 
INSTRUMENTS, INC, ...........5. 88 
Agency—George C. McNutt, Advertising 
PME, ccatrccecaceveecs 123 
Agency—Crossley & Jeffries, Inc. 
MII GO. os sic eccceccersees 81 
Agency—Al Paul Lefton Co., Inc. 
BOGUE ELECTRIC MFG. CO. ........ 92 
Agency—W. N. Hudson Advtg. 
Ge Oe 124 
Agency—The Charles Brunelle Co. 
sion 6S ee Sins os-6 eb 0.0 2 


Agency—Mitchell Advertising Agency 
BURROUGHS CORP., ELECTRONIC IN- 


RN MOS, ok oe sbicwewae.e 1h 
Agency—Campbell-Ewald Co. 
BUSSMANN MFG. CO. ............. 17 
CALDWELL-CLEMENTS, INC. ......... 104 
CBS-HYTRON DIV. COLUMBIA BROAD- 
CASTING SYSTEM, INC. .......... 13 
Agency—Bennett, Walther & Menadier Inc. 
CANNON ELECTRIC CO. ............ 100 


Agency—Hixson & Jorgensen, Inc. 
CENTRALAB DIV. GLOBE UNION INC... 25 
Agency—Klau-Van Pietersom-Dunlap, Inc. 


CENTURY LIGHTING, INC. .......... 108 
Agency—William H. Weintraub Co. 

NIG. ks ccc ccc escccecs 71 
Agency—D. T. Campbell, Inc. 

CINEMA ENGINEERING CO. ........ 125 
Agency—R. L. Power 

CLEVELAND CONTAINER CO. ........ 7 
Agency—Nesbitt Service Co. 

COMMUNICATIONS Mic Wes so och cs 120 


Agency—W. Bentley Glass Advtg. 
CONTINENTAL DIAMOND FIBRE CO. .. 93 


ESS eis ccsa' i ve 108 

DALE PRODUCTS, INC. ............ 86 
Agency—Ayres & Assoc., Inc. 

MI eck ei dive Cover 3 
Agency—Art-Copy Advtg. 

ET isasdin iy lah ic? ¢. Gotan 84 

Agency—H. J. Gold Co. 

DX RADIO PRODUCTS CO. .......... 114 
Agency—Turner Advtg. Agency 

EISLER ENGINEERING CO., INC. ...... 130 

Walter J. Zimmerman Assoc. 
ETEL-McCULLOUGH, INC. ........ as ee 


onner, Jackson, Walker, McClure 


TELE-TECH 


Advertisers — July, 1953 


ee We 6. its 0m ainidiets. ee se 103 
Agency—R. J. Potts-Calkins & Holden, Inc, 
BENG EMMAe, ING. cece cacebecciue ae 
Agency—Robert Hartwell Gabine 
ELECTRICAL TOWER SERVICE, INC. .... 121 
Agency—Jackson, Haerr, Peterson & Hall, Inc. 
ELECTRO MOTIVE MFG, CO. ......... 23 


Agency—Cory Snow, Inc. 


FAIRCHILD RECORDING EQUIPMENT 
COMP tdicicececsa iS tbraenp-ehib'e.n;' 24 
Agency—Buchanan & Co., Inc. 

FEDERAL TELEPHONE & RADIO CORP... 76 
Agency—J. M. Mathes, Inc. 

FEDERATED METALS DIV., AMERICAN 


SMELTING & REFINING CO, ....... 111 
Agency—John Mather Lupton Co., Inc. 

FREED TRANSFORMER CO. .......... 96 
Agency—Franklin Advtg. Service 

GATES RATING: CO, epee cc civevcdes 14 
Agency—Bartz Advtg. Agency 

GENERAL ELECTRIC CO, ............ 126 
Agency—Maxon, Inc. 

GENERAL ELECTRIC CO, ............ 115 


Agency—Batten, Barton, Durstine & Osborn 
GENERAL PRECISION LAB., INC. ..... 
Agency—Burke Dowling Adams, Inc. 


GENERAL RADIO CO, .............-. 85 
Agency—K. E. Morang Co. 

GRANT PULLEY & HARDWARE CO. .... 94 
Agency—Milton Herder Advtg. 

GRAPHITE METALLIZING CORP, ...... 122 


Agency—The Kotula Co. 
GRAY RESEARCH & DEVELOPMENT CO., 


ESS tea idle ectindud oe 0 wluk be baw aie 18 
Agency—French & Preston, Inc. 

NCP Fs ope enaes ccve ne eee cas 110 
Agency—Merchandising Advertisers, Inc. 

GUARDIAN ELECTRIC MFG. CO. ...... 126 
Agency—Kennedy & Co. 

HAMMARLUND MFG. CO., INC. ...... 82 
Agency—Roeding & Arnold, Inc. 

FO te ik Fwd ne din 6 Finb Dinpielee- aie 121 
Agency—Advance Advtg. Service 

HEPPNNER: MPG. CO... ccc eccceee 102 
Agency—Burton Browne Advtg. 

HERMETIC SEAL PRODUCTS CO. ...... 77 
Agency—Art-Copy Advtg. Agency 

HI-Q DIV., AEROVOX CORP. ........ 11 
Agency—Austin C. Lescarboura & Staff 

HOUSTON-FEARLESS CORP. ......... 91 


Agency—Taggart & Young Advtg. 


HUGHES AIRCRAFT COMPANY ... 109, 130 
Agency—Foote, Cone & Belding 

Be a rer ae 119 
Agency—Burton Browne Advtg. 

SOMONE Glas We Mecicccccideene 112 


Agency—Mitchell & Mitchell, Inc. 
JONES DIV., H. B., CINCH MFG. CORP. 110 
Agency—Symonds, MacKenzie & Co. 


KAHLE ENGINEERING CO. .......... 128 
Agency—Conti Advtg. Agency 

WESTON SOeDEe COL... ce sceitccecs 19 
Agency—Paul J. Steffen Co. 

KNIGHTS CO., JAMES ............. 90 
Agency—Kenneth B. Butler & Assoc. \ 
LINK AVIATION, INC. ...... banca 12 

Agency—Buchanan & Co., Inc. 
LUNDEY ASSOCIATES ........ muwiaies 127 
Agency—Robert Hartwell Gabine 
a: eee arene 106 
Agency—Deutsch & Shea, Inc. 
MALLORY & CO., P. RK. ..........5.- 20 


Agency—tThe Aitkin-Kynett Co. 


& ELECTRONIC INDUSTRIES © July 1953 


SO ac cic asic hie Piinls 4d hen e oe 112 
Agency—Equity Advtg. Agency 
METHODE MFG. CO, ..........06+. 130 


Agency—Sander Rodkin Advtg. Agency, Ltd. 
MIDLAND MFG, CO., INC, .......... 
Agency—R, J. Potts, Calkins & Holden, Inc. 


CUR Cie Bain ieee 6 oteie's 72,73 
Agency—Julian.G. Pollock Co. 

a | aa er ne wee 124 
Agency—Geoffrey Roberts, Inc. 

POLARAD ELECTRONICS CORP. ....... 118 
Agency—The Powerad Co. 

PRECISION PAPER TUBE CO. ......... 124 
Agency—Symonds, MacKenzie & Co. 

PRESTO RECORDING CORP. ......... 99 
Agency—Needham & Grohmann, Inc. 

RADIO CORPORATION OF AMERICA .. 26 


Agency—Al Paul Lefton Co:, Inc. 
RADIO CORPORATION OF 


PIR 36.0 Wo a a ecothors 83, Cover 4 
Agency—J. Walter Thompson Co. 

RADIO MATERIALS CORP. ....... Cover 2 
Agency—Turner Advtg. Agency 

RADIO SHACK CORP. .............. 78 
Agency—Engineered Advtg. 

I, EE ek ea ttliegecccepens 113 
Agency—Buti Roberts & Assoc. 

ge Se ere rere er pee 128 
Agency—Marthens, Galloway & Simms, Inc. 

IN CIs ee cticcs cin aes 119 
Agency—J. Gerald Brown Advtg. 

SHAW INSULATOR CO. ...........4 125 
Agency—Conti Advtg. Agency, Inc. 

SPECIFIC PRODUCTS ......6 cc. cceee 120 
Agency—M. Dorsey Advtg. Agency 

SPRAGUE ELECTRIC CO. ............ 28 
Agency—Stuart Sande Advtg. 

STUPAKOFF CERAMIC & MFG. CO. .... 75 
Agency—Walker & Downing Advtg. 

SYLVANIA ELECTRIC PRODUCTS, INC. .. 9 
Agency—Cecil & Presbrey, Inc. 

Py rare Te or 126 
Agency—John Falkner Arndt & Co., Inc. 

Peg: SONG bin Gh Hie Ree Pasie de 110 
Agency—George T. Metcalf Co. 

TEL-RAD MFG. CO., INC. ........... 117 


Agency—Sander Rodkin Advtg. Agency Ltd. 
THERMADORE ELECTRICAL MFG. CO. .. 127 
Agency—West-Marquis, Inc. 
TRU-OHM PRODUCTS DIV., MODEL 


ENGINEERING & MFG., INC. ..... 95 
Agency—Sander Rodkin Advtg. Agency Ltd. 
TUNG SOL ELECTRIC INC. ......:. 89 
Agency—E. M. Freystadt Assoc., Inc. 

UNIVERSITY LOUDSPEAKERS, INC. .... 117 
Agency—George Gero Advig. 

U. S. ENGINEERING CO. ........... 126 
Agency—O. K. Fagan Advtg. Agency 

VICTOREEN INSTRUMENT CO. ....... 115 
Agency—Carpenter Advtg. Co. 

WESTERN ELECTRIC CORP. .......... 22 
Agency—N. W. Ayer & Son Inc. 

WESTINGHOUSE ELECTRIC CORP. .... 4, 21 
Agency—Fuller & Smith & Ross. Inc. 

WHEELER INSULATED WIRE CO. ...... 123 
Agency—Edward W. Robotham & Co. 

WILKOR DIV., AEROVOX CORP. ...... 10 


Agency—Austin C. Lescarboura & Staff 


While every precaution is taken to insure ac- 
curacy, we cannot guarantee against the pos- 
sibility of an occasional change or omission 
in the preparation of this index. 


129 


Remote Amplifier ' a 

(Continued from page 35) O n 
phone company broadcast loops, The é 
high impedance phones do not un- “ 
balance the line at all nor does the 
meter (which has its own miniature 
transformer), 

Another good feature of this am- 
plifier is that when the batteries fail 
(and we have never had that hap- 
pén during a broadcast—we change 
them regularly to forestall that oc- 
currence), they do not fail immedi- Sueid 
ately, but there is a noticeable loss | in the fabrication and processing 
of gain—not enough to cause loss of of experimental electron tubes, 
the program, for the control room ~_ 38 
can boost the remote line gain | | 
through the console, but there will | | 
be an indication of no pegging when 


| 
! 
| 
i} 
J 


We now have openings for work 


= sur won nev sew sin alta 


Applicants should be high school gradu. 
ates with a natural aptitude for making 
small parts. Experience in electronics, 
precision machine work and experie 


would normally peg the meter, Un- 


Methede now offers laminated 
type sockets with outstanding 
mechanical and electrical char- 
acteristics at favorable cost con- 
siderations, Manufactured with 
or without captive eyelets now 
available with all Methode 
laminated sockets, the illus- 
trated units utilize Teflon fluro- 
carbon dielectric with outstand- 
ing insulation characteristics for 
critical applications. 


All Methede laminated wafer sock- 
ets feature “spring wipe" terminals 
assuring easy insertion and with- 
drawal of tubes with reliable con- 
tact = an outstanding feature with 
soft alley or corroded tube pins. 


Contact Methode for the above or: 


@ Molded Tube Sockets 
@ Military Tube Sockets 
@ Panel Connectors 
@ Printed Wiring Panels 
@ Subminiature Sockets 
@ Tube Shields 
*DuPont Trademark 


| 

| 

yelling or other loud noises, which ! 
| 


der emergency conditions WLDY 
continued to use this amplifier with 
failing batteries through several 
football games and the amplifier 
never failed, 

If possible, it is recommended that 
the phone plug have enough extra 
connections to allow wiring the fila- 
ment line (ground side) through the 
phone plug input, so that the ampli- 
fier will only work when phones are 
in place, forestalling the event that 
the operator may forget to turn the 
amplifier off after the broadcast. 
WLDY has had this happen twice 
and the batteries remained on for 
hours after the broadcast. Still this 
did not materially affect their life- 
time, the drain is so low. 


Recommended Microphones 


The fidelity of the amplifier is ex- 
cellent, but it is recommended that 
good microphones be used such as 
RCA 77’s or 44BX’s, However, when 
the phone line is such that the fidel- 
ity is affected by the line, or when 
broadcasting a sports event than a 
cheaper microphone is satisfactory. 
About 10 ft. of lamp cord is wired 
into the terminal block on the back 
inside of the amplifier and is termi- 
nated in a male phone plug. Another 
short length of wire terminated in a 
female phone plug is wired to the 
phone company’s terminal block and 
left there for future use. This simpli- 
fies hookup operation and the line 
can be checked hurriedly before the 
broadcast simply by plugging in a 
pair of headphones directly to the 
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terminal block. 

Simple to operate, good fidelity, 
sufficient gain and what is as impor- 
tant, extremely cheap to build—all 
the qualities wanted in-a remote 
amplifier—are now available in that 
extra amplifier that is.so often 
needed. 


Cathode Ray; Radio Tubes (Standard, 
Miniature, Sub Miniature); Fluorescent 
Lamps; Glass Ampoules; Vials; 
Incandescent Lamps 
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DA VEN S$ exclusive, patented, ““KNEE-ACTION” 
Rotor embodies the most advanced principles in 
switch engineering. 


Developed by DAVEN's own staff of switch spe- 
cialists, it makes possible the fabrication of units with 
@ greater number of switch positions and poles in 
smaller space than previously possible. 


“KNEE-ACTION” insures low contact resistance and 
Uniform contact pressure over the life of DAVEN 
Switches. Silver alloy contacts, slip rings, and rotor 
arms are used on all units. 


Because a greater number of poles per deck is avail- 
able, more compactness is possible . . . a feature 
which is in line with the present trend toward smaller 
size components which will render maximum per- 
formance in minimum space. 


DAVEN also offers you every facility for solving your 
particular switch problems. It stocks a large assortment 
of standard parts . . . will develop special switches 
from these standard components . . . or will engi- 
neer special switches to meet unusual requirements. 
DAVEN’s Development Engineering Department is at 
your service to help you. Call on DAVEN today! 


Write for your Free copy of DAVEN’s new, 28-page brochure on SWITCHES. 


10,000 HOURS — Minimum Life! 


For dependable service in Industrial, Aircraft, and Military Equipment 


RCA-5690 is your answer for a “long- 
life” rectifier designed especially for 
industrial and aircraft applications. 
The tube is conservatively rated to take 
a peak inverse plate voltage up to a 
maximum of 1120 volts, a peak plate 
current up to 375 ma per plate, and an 
average plate current up to 75 ma per 
plate. Operating at maximum rated 
voltages, RCA-5690 will withstand a 
continuous vibration of 2.5 g at a fre- 
quency of 25 cps for hundreds of hours 
—and impact accelerations of 500 g for 
short periods. 

In this tube each rectifier unit has its 


own heater and cathode—with separate 
base terminals for each. The heaters 
can be operated in parallel from a 
6.3-volt.supply—or in series from a 
12.6-volt supply. Unique tube base de- 
sign provides exceptionally high resist- 
ance to leakage between base pins and 
minimizes arc-over at high altitudes 
(you can operate the RCA-5690 at full 
ratings up to 40,000 feet). 

For rectifier applications where 
10,000-hour life and extreme dependa- 
bility are paramount, specify RCA- 
5690’s—and be secure. Get technical 
data from RCA, Commercial Engineer- 


ing, Section 57GR, Harrison, N. J. @ 

call your nearest RCA Field Office: = 

(EAST) Humboldt 5-3900 4 
415 S. 5th St., Harrison, N. J. 


(MIDWEST ) Whitehall 4-2900 
589 E. Illinois St., Chicago, Ill. 


(WEST) Madison 9-3671 q 

420 S. San Pedro St., Los Angeles, Cal. — 
Other RCA Red” Tubes 

(Minimum life—10,000 hours) 
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